The photochemistry of azafulvenes by Sanchez, Joseph Peter
In presenting the dissertation as a partial fulfillment of 
the requirements for an advanced degree from the Georgia 
Institute of Technology, I agree that the Library of the 
Institute shall make it available for inspection and 
circulation in accordance with its regulations governing 
materials of this type. I agree that permission to copy 
from, or to publish from, this dissertation may be granted 
by the professor under whose direction it was written, or, 
in his absence, by the Dean of the Graduate Division when 
such copying or publication is solely for scholarly purposes 
and does not involve potential financial gain. It is under­
stood that any copying from, or publication of, this dis­
sertation which involves potential financial gain will not 
be allowed without written permission. 
I A I II 
7 / 2 5 / 6 8 
THE PHOTOCHEMISTRY OF AZAFULVENES 
A T H E S I S 
P r e s e n t e d t o 
T h e F a c u l t y o f t h e D i v i s i o n o f G r a d u a t e 
S t u d i e s a n d R e s e a r c h 
b y 
J o s e p h P e t e r S a n c h e z 
I n P a r t i a l F u l f i l l m e n t 
o f t h e R e q u i r e m e n t s f o r t h e D e g r e e 
D o c t o r o f P h i l o s o p h y 
i n t h e S c h o o l o f C h e m i s t r y 
G e o r g i a I n s t i t u t e o f T e c h n o l o g y 
J u n e , 1972 
THE.PHOTOCHEMISTRY OF AZAFULVENES 
Approved: . . . . ^ 
tha i rma i i 0 
Date app rove^by Chairman; OuyuL C-> 
i i 
ACKNOWLEDGMENTS 
The author i s deeply indebted to Dr . Edward M. Burgess fo r h i s 
i n v a l u a b l e counse l and s u g g e s t i o n s dur ing the course of t h i s s tudy and 
i n the p r e p a r a t i o n of t h i s d i s s e r t a t i o n and for p r o v i d i n g f i n a n c i a l 
support through grants from the N a t i o n a l S c i e n c e Foundat ion , 
The reading of t h i s t h e s i s by D r s . Drury S . C a i n e , I I I and 
Herbert 0. House i s g r e a t l y acknowledged. The author a l s o wishes to 
thank h i s co-workers fo r making h i s r e s e a r c h hours some of the most 
memorable ones. S p e c i a l thanks are due to Mr, George S . Turner for 
h i s o b t a i n i n g the mass s p e c t r a l da ta with great a c c u r a c y . 
F i n a l l y , the author i s deeply g r a t e f u l to h i s wife for her en ­
couragement and understanding dur ing the p e r i o d of h i s r e s e a r c h e s . 
i i i 
TABLE OF CONTENTS 
P a g e 
ACKNOWLEDGMENTS . i i 
L I S T OF CHARTS i v 
L I S T OF TABLES . . • v 
L I S T OF FIGURES v i 
SUMMARY v i i 
C h a p t e r 
I . INTRODUCTION 1 
I I . EXPERIMENTAL 12 
A p p a r a t u s a n d T e c h n i q u e s 
P r e p a r a t i o n o f 1 , 2 , 3 - a n d 1 , 2 , 4 - t r i a z a f u l v e n e s 
P r e p a r a t i o n o f 1 , 2 - a n d 3 , 4 - d i a z a f u l v e n e s 
I I I . D ISCUSSION OF RESULTS 4 4 
I V , CONCLUSIONS 6 8 
L ITERATURE C I T E D 70 
V I T A . . . . . 72 
i v 
LIST OF CHARTS 
Chart Page 
I . P repara t ion o f T r i a z o l e D i p h e n y l c a r b i n o l s . . . . 44 
I I . I n t e r conve r s ion o f D i r a d i c a l s from the P h o t o l y s i s o f 1 ,2 ,3-
and 1 ,2 ,4 -Tr i aza fu lvenes 55 
I I I . P h o t o l y s i s Products from 1 ,2 ,3- and 1 , 2 , 4 - T r i a z a f u l v e n e s and 
T r i p h e n y l - v - t r i a z i n e . . 56 
I V . P repara t ion o f T r i a z a f u l v e n e Dimers . 48 
V. Thermal Products o f XXIX . . . . . . .
 ; : 51 
V I . Mechanism fo r the Formation o f 1 ,3 -Dipheny l -5 -d ipheny lmethy l -
1 , 2 , 4 - t r i a z o l e 52 
V I I . Mechanism fo r the Formation o f XXIX 57 
V I I I . Mechanism fo r the Formation o f the S u b s t i t u t e d Q u i n o l i n e s . . 58 
I X . P repara t ion o f Pyrazo le D i p h e n y l c a r b i n o l s 64 
o 
V 
L I S T OF TABLES 
T a b l e Page 
1 . P h y s i c a l a n d S p e c t r a l P r o p e r t i e s o f t h e T r i a z o l e D i p h e n y l -
c a r b i n o l s a n d t h e i r C h l o r o H y d r o c h l o r i d e s 47 
2 . P e r c e n t Y i e l d o f P h o t o p r o d u c t s f r o m X X V I I I , XXXV, X L I I a n d 
L X X V I I I 56 
3 . P h y s i c a l a n d S p e c t r a l P r o p e r t i e s o f t h e P y r a z o l e D i p h e n y l -
c a r b i n o l s a n d t h e i r C h l o r o H y d r o c h l o r i d e s 6 4 
v i 
L I S T OF FIGURES 
F i g u r e Page 
1 . P h o t o l y s i s A p p a r a t u s ( I ) 14 
2 . P h o t o l y s i s A p p a r a t u s ( I I ) 15 
V l l 
SUMMARY 
Although s e v e r a l aza - and d i a z a f u l v e n e s have been prepared , there 
has been no repor ted attempt t o prepare t r i a z a f u l v e n e s or d i a z a f u l ­
venes c o n t a i n i n g two adjacent n i t r o g e n atoms. These would be o f g rea t 
i n t e r e s t s i n c e the photochemical expu l s ion o f n i t r o g e n from them would 
a f f o r d a z a t r i a f u l v e n e s and t r i a f u l v e n e s r e s p e c t i v e l y . 
An approach repor ted fo r the s y n t h e s i s o f the h e t e r o c y c l i c v a r i ­
ant o f cyclopropenone•, "azi ' r inone, v i a the decomposi t ion o f a - a z i d o p h e n y l -
ketene at -30° gave only carbon monoxide and b e n z o i t r i l e . 
I t i s amusing to s p e c u l a t e tha t an analogous r e a c t i o n wi th a -
a z i d o a l l e n e might provide evidence for the presence o f an e q u a l l y i n t e r ­
e s t i n g a z a t r i a f u l v e n e . S i n c e the photochemical expu l s ion o f n i t r o g e n 
from d i - and t r i a z a f u l v e n e s seemed t o o f f e r a more e x p e d i t i o u s route to 
t r i a f u l v e n e s and a z a t r i a f u l v e n e s , our research c o n s i s t e d o f : (1) the 
p repa ra t ion o f s u i t a b l e p r e c u r s o r s ; (2) the r e a c t i o n t o produce the 
corresponding a z a f u l v e n e s ; and (3) i s o l a t i o n and i d e n t i f i c a t i o n o f the 
products from the subsequent p h o t o r e a c t i o n s . 
A s e r i e s o f py razo l e and t r i a z o l e d i p h e n y l c a r b i n e I s and t h e i r 
c h l o r o hydroch lo r ides has been prepared. These were converted by de­
ny droh a logenat ion with t r i e t h y l a m i n e to d i - and t r i a z a f u l v e n e s which 
were i d e n t i f i e d by i s o l a t i o n o f the fu lvene i t s e l f , i t s dimer or a d d i ­
t i o n products with methanol and amines. 
I r r a d i a t i o n o f the t r i a z a f u l v e n e s X X V I I , XXXVI and X L I I gave r i s e 
t o a mixture o f products which were i s o l a t e d by column chromatography 
v i i i 
a n d i d e n t i f i e d b y p h y s i c a l a n d s p e c t r a l c o m p a r i s o n w i t h a u t h e n t i c s a m p l e s . 
T h e i s o l a t i o n o f t r i p h e n y l a c r y l o n i t r i l e ( L X X X I ) f r o m t h e i r r a d ­
i a t i o n o f XXXVI i n d i c a t e s t h e p r e s e n c e o f a t r i p h e n y l a z a t r i a f u l v e n e 
( L X X V I ) i n t e r m e d i a t e . 
T h e r e i s a l s o e v i d e n c e f o r t h e f o r m a t i o n o f a n i n t e r m e d i a t e t r i -
p h e n y l a z e t e ( L X X V I I ) f r o m w h i c h b o t h 2 , 3 - d i p h e n y l q u i n o l i n e ( L X X ) a n d t h e 
p r o p o s e d 1 , 5 - d i a z o c i n e ( X X I X ) a r i s e d u r i n g p h o t o l y s i s o f e i t h e r XXXVI o r 
X X V I I I . 
T h e p h o t o r e a c t i o n o f X L I I p r o d u c e d t h e d i c h l o r o a n a l o g o f X X I X 
( X L I I I ) , f r o m w h i c h a c o m p l e t e X - r a y c r y s t a l l o g r a p h i c a n a l y s i s w i l l 
h o p e f u l l y c o n f i r m t h e a s s i g n e d s t r u c t u r e . 
T h e d i a z a f u l v e n e s L V I I I a n d L X I I I , a l t h o u g h s t a b l e e n o u g h t o i s o ­
l a t e , d i d n o t e v o l v e n i t r o g e n u p o n i r r a d i a t i o n a n d a t t e m p t e d D i e l s - A l d e r 
a d d i t i o n r e a c t i o n s w i t h t h e m a s e i t h e r d i e n e s o r d i e n o p h i l e s p r o v e d t o 




T h e n a t u r e o f t h e b o n d i n g i n f u l v e n e s c a n b e d e s c r i b e d q u a l i t a ­
t i v e l y as a c o m b i n a t i o n o f t h e r e s o n a n c e c o n t r i b u t i o n s o f t h e c o v a l e n t 
s t r u c t u r e A a n d t h e p o l a r s t r u c t u r e B . 
2 3 
R = R' = H , A l k y l o r A r y l 
W i t h t h e i n c r e a s i n g e l e c t r o n - d o n a t i n g c h a r a c t e r o f a s u b s t i t u e n t a t c a r ­
b o n - 6, t h e p o l a r s t r u c t u r e B b e c o m e s m o r e s i g n i f i c a n t . T h i s c a n b e e x ­
p l a i n e d i n a c c o r d a n c e w i t h H u c k e l ' s r u l e b y s t a b i l i z a t i o n t h r o u g h t h e 
c y c l i c c o n j u g a t e d s y s t e m o f s i x ^ - e l e c t r o n s . I n a g r e e m e n t w i t h t h i s 
c o n c e p t , t h e b o n d c h a r a c t e r o f t h e f u l v e n e s c a n b e s h i f t e d e i t h e r t o w a r d s 
t h e o l e f i n i c o r t o w a r d s t h e " c y c l i c c o n j u g a t e d " c h a r a c t e r b y v a r i a t i o n 
o f t h e s u b s t i t u e n t s a t c a r b o n - 6 . ^ I t w o u l d t h e r e f o r e b e o f p a r t i c u ­
l a r i n t e r e s t t o s e e how a c h a n g e i n t h e c h a r g e d i s t r i b u t i o n i n t h e f i v e -
m e m b e r e d r i n g a f f e c t s t h e r e a c t i o n s o f f u l v e n e s . A z a f u l v e n e s w o u l d b e 
o f p a r t i c u l a r i n t e r e s t i n t h i s r e s p e c t , 
2 
R e c e n t s y n t h e t i c e f f o r t s i n t h e a r e a i o f h e t e r o f u l v e n e s h a v e b e e n 
f 2 ) 
s u c c e s s f u l i n p r o d u c i n g t h e f i r s t d i a z a f u l v e n e . T h e s y n t h e s i s o f 6 , 6 -
( 2 1 
d i p h e n y l - 1 , 4 - d i a z a f u l v e n e ( I I ) , b y R o h r a n d S t a b b , was a c c o m p l i s h e d 
b y t h e d e h y d r o h a l o g e n a t i o n o f 2 - ( c h l o r o d i p h e n y l m e t h y l ) i m i d a z o l i u m c h l o ­







E t 7 N 
Ph Ph 
I I 
By e x p a n d i n g t h i s p r o c e d u r e t o o t h e r s u b s t i t u t e d i m i d a z o l e s t h e y 
w e r e a b l e t o p r e p a r e a s e r i e s o f d i a z a f u l v e n e s a n d s t u d y t h e i r c h e m i s -
(3) 
t r y . J T h e c y c l o a d d i t i o n r e a c t i o n s o f v a r i o u s s u b s t i t u t e d d i a z a f u l v e n e s 
w i t h k e t e n e s , p h e n y l i s o c y a n a t e as w e l l as i n t e r m o l e c u l a r d i m e r i z a t i o n 
V , r e s p e c t i v e l y , i n d i c a t i n g t h e d i p o l a r n a t u r e o f t h e m o l e c u l e ( V I ) . 
Ph H 
H H H 
H H Ph 
Ph Ph Ph 




P h ^ ^ ^ H 
Ph 
Ph 
I I I I V 
3 
Ph © Ph 
VI 
The s y n t h e s i s o f 4 - ( 4 , 5 - d i p h e n y l - 2 H - i m i d a z o l - 2 - y l i d e n e ) - 2 , 5 -
cyclohexadienone ( V I I ) was accomplished by the lead d i o x i d e o x i d a t i o n 
o f £ - 4 , 5 - d i p h e n y l - 2 - i m i d a z o l y l ) phenol (Vi la ) .* - 4 -* 
PbO, 
Ether 
The s t r u c t u r e o f t h i s product ( V I I ) was confirmed by H i l l ^ 
who a l s o syn thes i zed 2 , 3 , 6 , 6 - t e t r a p h e n y l - l , 4 - d i a z a f u l v e n e ( V I I I ) by two 
d i f f e r e n t r o u t e s ; o x i d a t i o n o f 2 -benzhydry l -4 ,5 -d ipheny l imidazo le 
( V i l l a ) with lead peroxide i n benzene or dehydrohalogenat ion o f a chloro­
form s o l u t i o n o f 2 -ch lo rod ipheny lme thy l -4 ,5 -d ipheny l imidazo le ( V I I l b ) 
us ing t r i e t h y l a m i n e . 
4 




X Ph Ph 
V I I I 
V H I b 
In t h e i r p repa ra t ion o f h e t e r o f u l v a l e n e s , Gompper and W e i s s ^ 
repor ted tha t h e a t i n g 4 , 5 - d i p h e n y l i m i d a z o l e , 4 - m e t h y l t h i o - 2 , 6 - d i p h e n y l -
pyryl ium p e r c h l o r a t e and one equ iva l en t o f sodium hydr ide i n benzene 
gave I X . 
5 
I t i s i n t e r e s t i n g t o n o t e t h a t a l l d i a z a f u l v e n e s r e p o r t e d t o d a t e 
c o n t a i n a s t a b i l i z i n g s u b s t i t u t e d i m i d a z o l e n u c l e u s a n d i n n o i n s t a n c e 
h a s a d i a z a f u l v e n e w i t h t w o a d j a c e n t n i t r o g e n s b e e n p r e p a r e d . 
T h e f i e l d o f m o n o a z a f u l v e n e s o n t h e o t h e r h a n d h a s b e e n e x p l o r e d 
(7) 
t o a g r e a t e r e x t e n t . B a t t i s t e a n d H i l l h a v e r e c e n t l y p u b l i s h e d t h e 
p r o c e d u r e f o r a c o n v e n i e n t e n t r y i n t o t h e a z a p e n t a t r i a f u l v a l e n i u m s y s ­
t e m ( X ) . 
s u b s t i t u t e d i n d o l e s a n d some p y r r o l e d e r i v a t i v e s b y t h e a c t i o n o f d i -
p h e n y l c y c l o p r o p e n o n e a n d e t h a n o l i c h y d r o g e n c h l o r i d e o n t h e a p p r o p r i a t e 
h e t e r o c y c l e . T h e r e a c t i o n e v i d e n t l y p r o c e e d s b y e l e c t r o p h i l i c s u b s t i ­
t u t i o n b y t h e T - h y d r o x y - 2 ^ 3 - d i p h e n y l c y c l o p r o p e n i u m c a t i o n p r o d u c e d i n 
s i t u f r o m t h e c y c l o p r o p e n o n e a n d h y d r o d e n c h l o r i d e o n t h e m o s t r e a c t i v e 
p o s i t i o n o f t h e h e t e r o c y c l i c r i n g . T r e a t m e n t o f t h e f u l v e n e s a l t s w i t h 
a v a r i e t y o f b a s e s o f l o w n u c l e o p h i l i c i t y i n a p r o t i c s o l v e n t s p r o d u c e d 
o n l y a f l e e t i n g c o l o r i n d i c a t i v e o f t h e f u l v e n e . I n some c a s e s p o l y ­
m e r i c s u b s t a n c e s w e r e i s o l a t e d a n d a s s i g n e d t h e s t r u c t u r e X I . 




I t has been suggested^ ; on the b a s i s o f n u c l e a r magnet ic r e s o ­
nance da ta t ha t the fulvene de r ived from indo l e and a s u b s t i t u t e d c y c l o -
propenium c a t i o n e x i s t s mainly as the 3 - indo ly lcyc lopropen ium c a t i o n 
X I I . 
X I I 
C9) 
B a t t i s t e and H i l l on the other hand present ev idence based on 
a n u c l e a r magnetic resonance s p e c t r a l comparison o f 3 -benzhydr i l i dene -
+ 
3H-indolium s a l t s (XIV) and t h e i r common precursors ( X V ) ; and pK R va lues 
determined for X I I I and for va r ious cyclopropenium s a l t s to sugges t a 
more e x t e n s i v e d e r e a l i z a t i o n o f charge as represented by X I I I . 
7 
Ph 
X I I I XIV XV 
In t h e i r s tudy o f the chemistry o f neuraminic a c i d ( X V I , R=R'=H) 
Morgan and S c h u n i o r ^ ^ found i t necessa ry to r e i n v e s t i g a t e the E h r l i c h 




P r e v i o u s l y , XVI ( R ' « H , R*Ac) had been demonstrated t o undergo 
degrada t ion in a c i d or base l ead ing t o p y r r o l e - 2 - c a r b o x y l i c a c i d , which 
upon r e a c t i n g with PDAB produces the v i o l e t c o l o r u s u a l l y a s s o c i a t e d 
with t h e E h r l i c h r e a c t i o n . The usua l t e s t r equ i re s the use o f two moles 
o f p y r r o l e and one mole o f PDAB i n e t h a n o l i c p e r c h l o r i c a c i d t o g i v e 
5 ,5 ' -d i ca rboxy-ms- (p -d ime thy laminopher iy l ) -2 ,2 1 -d ipyr ry lme thene ( X V I I ) . 
s. 
8 
C 0 2 H C 0 2 H 
X V I I 
H o w e v e r , w h e n t h e m o l a r r a t i o s w e r e 1 : 1 a g o o d y i e l d o f 2 - c a r -
b o x y - 5 - h y d r o - 6 - £ - d i m e t h y l a m i n o p h e n y l a z a f u l v e n e p e r c h l o r a t e ( X V I I I ) was 
i s o l a t e d as d e e p r e d n e e d l e s . 
X V I I I 
T h e a p p l i c a t i o n o f t h i s m e t h o d b y C a s t r o , T e r t z a k i a n , e_t a l _ . l e d t o 
t h e s y n t h e s i s o f a v a r i e t y o f s u b s t i t u t e d p y r r o l e * f u l v e n e s . By c o n d e n ­
s i n g £ - h y d r o x y b e n z a l d e h y d e ( X l X a ) , v a n i l l i n ( X l X b ) o r s y r i n g i c a l d e h y d e 
( X l X c ) w i t h 2 , 4 - d i m e t h y l - 3 - e t h y l p y r r o l e ( c r y p t o p y r r o l e ) i n e t h a n o l i c 
H B r , r e d c r y s t a l l i n e a z a f u l v e n e h y d r o b r o m i d e s ( X X ) c a n b e i s o l a t e d . 
9 
XX 
G q m p p e r a n d W e i s s p r o d u c e d a s e r i e s o f m o n o a z a f u l v e n e s u s i n g 
s u b s t i t u t e d p y r r o l e s as t h e h e t e r o c y c l e . D i - a n d t r i p h e n y l p y r r o l e s a r e 
h e a t e d w i t h m e t h y l t h i o d i p h e n y l c y c l q p r o p e n y l i u m p e r c h l o r a t e i n g l a c i a l 
a c e t i c a c i d o r w i t h d i p h e n y l e y e l o p r o p e n o n e i n a c e t o n i t r i l e t o g i v e t h e 
c o r r e s p o n d i n g a z a t r i a f u l v a l e n i u m s a l t s . T h e s e a r e d e p r o t o n a t e d b y 
d i s o p r o p y l e t h y l a m i n e t o g i v e t h e f u l v e n e s ( X X I a - X X I b ) a s u n s t a b l e r e d 
o i l s . 
10 
They a l s o produced the t e t r a - and pentaphenyl aza fu lvenes ( X X I l a , 
X X I l b ) by the a c t i o n o f benzophenone d i c h l o r i d e on the appropr ia te 
p y r r o l e i n a c e t o n i t r i l e at room temperature . 
RsPh 'o r H 
X X I I a X X I l b 
Hafner and P f e i f f e r } prepared azafu lvenes i n e x c e l l e n t y i e l d s 
from i n d o l e , p y r r o l e , thiophene and furan by the a c t i o n o f e t h e r e a l 
f l u o r b o r i c a c i d on the corresponding 2 -d ipheny l ca rb ino l s fo l lowed by 
deprotonat ion with t r i e t h y l a m i n e . 
0 
X=NH,S,0 
Ph @ Ph P h ^ © Ph 
There has been no repor ted attempt t o prepare t r i a z a f u l v e n e s or 
d i aza fu lvenes con t a in ing two adjacent n i t r o g e n atoms. These would be o f 
grea t i n t e r e s t s i n c e the photochemical e x p u l s i o n o f n i t r o g e n from them 
would a f fo rd a z a t r i a f u l v e n e s and t r i a f u l v e n e s r e s p e c t i v e l y . 
An approach repor ted fo r the s y n t h e s i s o f the h e t e r o c y c l i c v a r i a n t 
o f cyclopropenone, a z i r i n o n e , v i a the decomposi t ion o f a - a z i d o p h e n y l -
o C131 ketene at -30° gave only carbon monoxide and b e n z o i t r i l e , 
¥ P h - C N + CO 
I t i s amusing t o s p e c u l a t e tha t an analogous r e a c t i o n wi th a -
a z i d o a l l e n e might provide evidence for the presence o f an e q u a l l y i n t e r ­
e s t i n g a z a t r i a f u l v e n e . S i n c e the photochemical e x p u l s i o n o f n i t r o g e n 
from d i - and t r i a z a f u l v e n e s seemed t o o f f e r a more e x p e d i t i o u s route to 
t r i a f u l v e n e s and a z a t r i a f u l v e n e s , our research c o n s i s t e d o f : (1) the 
p repa ra t ion o f s u i t a b l e p r e c u r s o r s ; (2) the r e a c t i o n to produce the 
corresponding a z a f u l v e n e s ; and (3) i s o l a t i o n and i d e n t i f i c a t i o n o f the 
products from the subsequent p h o t o r e a c t i o n s . 
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CHAPTER I I 
a EXPERIMENTAL 
A p p a r a t u s a n d T e c h n i q u e s 
Mass s p e c t r a w e r e o b t a i n e d u s i n g a V a r i a n M o d e l A - 6 6 m e d i u m r e s o ­
l u t i o n mass s p e c t r o m e t e r . N u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a w e r e a c ­
q u i r e d u s i n g a V a r i a n A - 6 0 s p e c t r o m e t e r ; d e u t e r o c h l o r o f o r m ( C D C l ^ ) a n d 
d e u t e r o d i m e t h y l s u l f o x i d e (DMSO-d^ ) c o n t a i n i n g o n e p e r c e n t o f t e t r a m e t h y l -
s i l a n e as a n i n t e r n a l s t a n d a r d w e r e u s e d as s o l v e n t s . C h e m i c a l s h i f t s 
a r e r e p o r t e d i n u n i t s o f 5 ( S * 1 0 - r ) . T h e a b b r e v i a t i o n s s , d , t , q , a n d m 
r e f e r t o s i n g l e t , d o u b l e t , t r i p l e t , q u a r t e t a n d m u l t i p l e t n m r s i g n a l s . 
I n f r a r e d s p e c t r a w e r e o b t a i n e d o n a P e r k i n - E l m e r M o d e l 4 5 7 s p e c t r o p h o ­
t o m e t e r u s i n g e i t h e r 0 . 1 mm s o d i u m c h l o r i d e c e l l s w i t h c h l o r o f o r m as t h e 
s o l v e n t o r a p o t a s s i u m b r o m i d e w a f e r . U l t r a v i o l e t s p e c t r a w e r e r e c o r d e d 
u s i n g o n e c e n t i m e t e r b a l a n c e d c e l l s w i t h e i t h e r 95% e t h a n o l o r t e t r a -
h y d r o f u r a n as t h e s o l v e n t o n a B e c k m a n DB-GT o r C a r e y M o d e l 14 r e c o r d i n g 
s p e c t r o p h o t o m e t e r . T h i o p h e n e f r e e b e n z e n e was d r i e d b y r e f l u x i n g o v e r 
s o d i u m m e t a l w i t h t h e f i r s t p o r t i o n o f t h e d i s t i l l a t e b e i n g d i s c a r d e d . 
T e t r a h y d r o f u r a n was d r i e d b y r e f l u x i n g 24 h r s . o v e r s o d i u m m e t a l a n d t h e n 
d i s t i l l i n g f r o m b e n z o p h e n o n e k e t y l , M e t h a n o l was d i s t i l l e d f r o m m a g n e s ­
i u m m e t h o x i d e b e f o r e u s e . A l l o t h e r l i q u i d s w e r e p u r i f i e d a c c o r d i n g t o 
T 3 8 1 
t h e p r o c e d u r e s d e s c r i b e d b y F i e s e r a n d d i s t i l l e d p r i o r t o u s e . 
E t h e r , a n h y d r o u s a n d USP, was p u r c h a s e d c o m m e r c i a l l y i n o n e p o u n d c a n s . 
M e l t i n g p o i n t s w e r e d e t e r m i n e d o n a Thomas H o o v e r c a p i l l a r y m e l t i n g p o i n t 
a p p a r a t u s a n d a r e u n c o r r e c t e d . S o l v e n t e v a p o r a t i o n u n d e r r e d u c e d p r e s s u r e 
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was a c c o m p l i s h e d w i t h a B u c h i R o t a v a p o r . A H a n o v i a 4 5 0 W a t t h i g h p r e s ­
s u r e m e r c u r y v a p o r l a m p was u s e d f o r i r r a d i a t i o n s . T h e l a m p was p l a c e d 
i n a V y c o r w a t e r j a c k e t , w h i c h w a s , i n t u r n , f i t t e d i n s i d e a P y r e x r e ­
a c t i o n v e s s e l ( F i g . 1 ) . T h e r e s u l t i n g a n n u l a r s p a c e h a d a c a p a c i t y o f 
a b o u t 4 0 0 m l a n d was f i l l e d t o t h e n e c k w i t h t h e s o l u t i o n t o b e p h o t o l y z e d 
C o l d w a t e r was c i r c u l a t e d t h r o u g h t h e w a t e r j a c k e t d u r i n g t h e p h o t o l y s i s 
a t a r a t e t o m a i n t a i n t h e m a g n e t i c a l l y s t i r r e d s o l u t i o n a t a t e m p e r a t u r e 
o f 3 0 ° , A s t r e a m o f d r y h e l i u m was a d m i t t e d t h r o u g h t h e f r i t i n t o t h e 
r e a c t i o n m i x t u r e s b e f o r e i r r a d i a t i o n . T h e i r r a d i a t i o n s a t - 7 8 ° w e r e 
c a r r i e d o u t i n a n a p p a r a t u s s i m i l a r t o t h e o n e d e s c r i b e d p r e v i o u s l y e x ­
c e p t h a v i n g a n e v a c u a t e d s p a c e b e t w e e n t h e w a t e r j a c k e t a n d t h e r e a c t i o n 
v e s s e l ( F i g , 2 ) . T h e r e a c t i o n m i x t u r e w a s c o o l e d i n a d r y - i c e j l s o p r o p a n o l 
b a t h p r i o r t o a n d d u r i n g p h o t o l y s i s . 
E x p e r i m e n t a l 
5 ( 4 ) , q , q - T r i p h e n y l - l , 2 , 3 - t r i a z o l e - 4 ( 5 ) - m e t h a n o l ( X X I I I ) 
A s o l u t i o n o f p h e n y l l i t h i u m ( 0 . 5 7 3 m o l e ) was p r e p a r e d b y t h e a d d i ­
t i o n o f 9 0 g ( 0 . 5 7 3 m o l e ) o f b r o m o b e n z e n e i n 100 m l o f a n h y d r o u s e t h e r 
o n 7 , 9 g ( 1 . 1 4 0 m o l e ) o f l i t h i u m r i b b o n ( c o n t a i n i g o n e p e r c e n t s o d i u m 
m e t a l ) i n 4 0 0 m l o f a n h y d r o u s e t h e r . T h e s o l u t i o n was c h i l l e d t o - 7 8 ° 
C14" 
a n d 3 7 , 5 g ( 0 , 1 8 5 m o l e ) o f m e t h y l 4 - p h e n y l - l , 2 , 3 - t r i a z o l e - 5 - c a r b o x y l a t e 
was a d d e d p o r t i o n w i s e a s a s o l i d u n d e r a n i t r o g e n a t m o s p h e r e . T h e m i x ­
t u r e w a s a l l o w e d t o w a r m t o r o o m t e m p e r a t u r e , t h e n r e f l u x e d 18 h r s . , 
c o o l e d a n d d e c o m p o s e d u s i n g 150 m l o f 5% h y d r o c h l o r i c a c i d . A f l u f f y 
w h i t e p r e c i p i t a t e f o r m e d w h i c h was c o l l e c t e d b y f i l t r a t i o n a n d d r i e d i n 
v a c u o t o y i e l d 2 1 g (35%) o f X X I I I : mp 2 1 8 - 2 2 1 ° ( d e c ) . A s a m p l e r e c r y s -
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Figure 1 . Photolysis Apparatus (i) 
15 
Figure 2. Photolysis Apparatus (ii) 
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t a l l i z e d f r o m b e n z e n e - e t h a n o l m e l t e d a t 2 2 0 - 2 2 1 ° (dec ) ; i r (KBr) 3300 
Cbroad 0-H and N-tOcnf1; nmr (DMS0 -d 6 ) § 7 .83-6.92 (m, 15H); mass s p e c ­
t r u m (70 eV) m/e_ r e l a t i v e i n t e n s i t y 327(100), and 281(67). 
A n a l . C a l c d f o r C 2 1 H y N 0 : C, 77,04; H, 5 .23 ; N, 12.84. 
Found: C, 77.19; H , 5 ,33; N, 12.84. 
4 ( 5 ) , g , q - T r i p h e n y l - l , 2 , 3 - t r i a z o l e - 5 ( 4 ) - m e t h a n o l (XXIV) 
The o r g a n i c l a y e r o f t h e above f i l t r a t e was s e p a r a t e d , washed 
w i t h w a t e r , d r i e d (MgSO^), and t h e s o l v e n t e v a p o r a t e d i n v a c u o . Upon 
d i l u t i n g w i t h p e n t a n e a f l u f f y w h i t e s o l i d s e p a r a t e d w h i c h was c o l l e c t e d 
b y f i l t r a t i o n and d r i e d t o g i v e 32 g (53%) o f XXIV; mp 158-160° ( d e c ) . 
R e c r y s t a l l i z a t i o n f r o m benzene ( t w i c e ) a f f o r d e d an a n a l y t i c a l sample 
o f XXIV: mp 159-160° ( d e c ) ; i r (KBr) 3320 (OH) and 3190 N-H) c m " 1 ; 
nmr (DMS0-d 6 ) 8 7 .70-6.82 (m ,15H); mass s p e c t r u m (70 eV) m/e ( r e l a t i v e 
i n t e n s i t y ) 327(100), 281(23) and 250(100). 
A n a l . C a l c d f o r C 2 1 H 1 7 N 3 0 : C, 77.04; H , 5 .23; N, 12,84. 
Found: C, 77.16; H , 5 .36; N, 12.85. 
4 ( 5 ) - P h e n y l - 5 ( 4 ) - c h l o r o d i p h e n y l m e t h y l - 1 , 2 , 3 - t r i a z o l e h y d r o c h l o r i d e ( X X V ) 
To a s o l u t i o n o f 40 ml o f t h i o n y l c h l o r i d e i n 60 ml o f benzene was 
added 21 g (0.095 mole) o f t h e a l c o h o l X X i v \ The m i x t u r e was s t i r r e d f o r 
3 h r a t room t e m p e r a t u r e , h e a t e d t o r e f l u x f o r 1 h r and t h e n s t i r r e d a t 
rooiij t e m p e r a t u r e f o r 18 h r s . Upon d i l u t i n g w i t h anhydrous e t h e r a s o l ­
i d s e p e r a t e d w h i c h was c o l l e c t e d by f i l t r a t i o n t o g i v e 24 g (66%) o f 
XXV: mp 228-230° ( d e c ) . An a d d i t i o n a l 9 g (24%) mp 222-226° (dec) was 
r e c o v e r e d b y e v a p o r a t i n g t h e f i l t r a t e and d i l u t i n g t h e r e s i d u e w i t h e t h e r . 
A sample r e c r y . s t a l l i z e d f r o m t e t r a h y d r o f u r a n - e t h e r gave p u r e XXV: mp 
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229-230° ( d e c ) ; i r (KBr) 3270, 2340 and 1852 (N-H) , 759 ( C - C l ) cm" ; 
mass spectrum (70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 345 ( 7 ) , 281 (100) , 
282 (100, 283 (89) and 204 (46) . 
A n a l . C a l c d fo r C ^ H ^ C I N ^ H C I : C , 65 .97; H, 4 .48 ; N , 10.99 
Found: C , 65 .90; H, 4 .40 ; N , 11.12. 
4 ( 5 ) - P h e n y l - 5 ( 4 ) - d i p h e n y l p i p e r i d i n o m e t h y l - l , 2 , 3 - t r i a z o l e ( X X V I ) 
A s o l u t i o n o f 1 g (0.0025 mole) o f the ch lo ro compound XXV in 
200 ml o f anhydrous te t rahydrofuran was c h i l l e d to -78° and t r e a t e d 
with 0.5 g (0.005 mole) o f t r i e t h y l a m i n e . There was an immediate red 
c o l o r and p r e c i p i t a t e format ion . The s o l u t i o n was f i l t e r e d through C e l i t e 
under a dry n i t r o g e n atmosphere to remove 0.65 g (94%) o f t r i e t h y l ­
amine h y d r o c h l o r i d e . When the r e s u l t i n g c l e a r b lood- red s o l u t i o n was 
t r e a t e d with 8.5 g (0.1 mole) o f p i p e r i d i n e there r e s u l t e d an immediate 
d i scha rge o f c o l o r . The so lven t was evaporated i n vacuo .and the s o l i d 
res idue r e c r y s t a l l i z e d from benzene-hexane to g i v e 0.85 g (95%) o f c o l o r ­
l e s s need les o f X X V I : mp 148-149°; i r (CHC1 3) 3410 (N-H) , 2935 ( C - H ) , 
1445, 1490 and 695 c m - 1 ; nmr (CDCl j ) 8 7 .55-6.68 (m, 15H), 3,01-2.49 
(m, 4H) and 1.69-1.38 (m, 6H); mass spectrum (70 eV) m/e_ ( r e l a t i v e i n ­
t e n s i t y ) 281 (100) , 85 (29) , and 84 (41) . 
A n a l . C a l c d fo r C _ H _ N • C , 77.06; H , 7 .31; N , 15.63. Found: Zo 4 
C , 77.24; H, 7.28; N , 15.82. 
4 ( 5 ) - P h e n y l - 5 ( 4 ) - m e t h o x y d i p h e n y l m e t h y l - l , 2 , 3 - t r i a z o l e ( X X V I I ) 
A s o l u t i o n o f 3.83 g (0 .«1 mole) o f XXV in 25Dml o f anhydrous 
te t rahydrofuran was cooled t o -78° and t r e a t e d dropwise with 2.02 g 
(0.02 mole) o f anhydrous t r i e t h y l a m i n e during which time a deep red 
c o l o r developed. A f t e r s t i r r i n g fo r 10 min the r e a c t i o n mixture was 
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d i l u t e d with hexane and f i l t e r e d under a dry n i t r o g e n atmosphere t o r e ­
move 2.70 g (100%) o f t r i e t h y l a m i n e h y d r o c h l o r i d e . The r e s u l t i n g c l e a r 
deep red s o l u t i o n was t r e a t e d with 20 ml o f anhydrous methanol at -78° 
and al lowed to warm g r a d u a l l y t o room temperature . As the r e a c t i o n mix­
tu re warmed, there was a gradual d i scha rge o f c o l o r u n t i l a c l e a r c o l o r ­
l e s s s o l u t i o n r e s u l t e d from which the so lven t was evaporated i i i vacuo . 
The s o l i d res idue was c r y s t a l l i z e d from benzene/hexane t o a f f o r d 3.2 g 
(94%) o f X X V I I : mp 101-102°; i r (CHC1 3) 3437 (N-H) and 1075 (C-O-C) 
c m " 1 ; nmr (CDCl^) 5 7 .66-6.98 (m, 15H) and 3.07 ( s , 3H); mass spectrum 
(70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 341 (60) and 310 (100) . 
A n a l . C a l c d fo r c 2 2 H i 9 N 3 ° : C > 7 7 - 5 9 > H > s - 6 1 > N » 12.31. Found: 
C , 77.41; H, 5 .68; N , 12.09. 
P h o t o l y s i s o f 5 ( 4 ) - P h e n y l - 4 ( 5 ) - b e n z h y d r y l i d e n e - 4 H ( 5 H ) - 1 , 2 , 3 - t r i a z o l e 
( X X V I I I ) 
A c h i l l e d s o l u t i o n (-78°) o f 3.83 g (0.01 mole) o f the ch lo ro 
compound XXV in 400 ml o f benzene- te t rahydrofuran (1:1) was t r e a t e d wi th 
2.02 g (0.02 mole) o f t r i e t h y l a m i n e . The r e s u l t i n g b lood- red s o l u t i o n 
THF 
( ^ m a x 463 nm) o f the fu lvene was photo lyzed at -78° for 5 hrs us ing 
a 450-W Hanovia h igh -p res su re mercury d i scharge lamp in a Pyrex probe, 
The r e s u l t i n g c o l o r l e s s s o l u t i o n was f i l t e r e d through C e l i t e t o remove 
1.35 g (98%) o f t r i e t h y l a m i n e h y d r o c h l o r i d e . The so lven t from the f i l ­
t r a t e was evaporated In vacuo and the res idue t r i t u r a t e d with benzene to 
g i v e 0.73 g (26%) o f XXIX: mp 225-230°. A f t e r r e c r y s t a l l i z a t i o n from 
ethanol an a n a l y t i c a l sample was obta ined which had: mp 230-232°; 




E t 0 H
 2 6 3 nm ( f 36 ,998) ; \ C O n H 2 S 0 4 max ^ ' max v ' ' max 
618 nm; i r (CHC1 3) 1618 (C»N) , 1598 ( C = C ) , 1577 ( C = C ) , 1492, 1448, 1125 
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(broad) and 698 c m - 1 ; nmr (CDC1 3) 5 8,08-6.57 (m, 30H); mass spectrum 
(70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 563 (50) , 562 (100) , 483 ( 6 ) , 459 
(18 ) , 383 (21), 281 (100) , 204 (48) and 178 (14) . 
A n a l . C a l c d fo r C 4 2 H 3 0 N 2 : C > 8 9 - 6 5 > H > 5 - 3 7 ; N , 4 .98 . Found: 
C , 89.55; H , 5 .39; N , 4 .99 . 
The benzene t r i t u r a t e was concent ra ted in_ vacuo and the res idue 
was chromatographed on 50 g o f F l o r i s i l . Upon e l u t i o n with hexane 0,87 g 
(49%) of d ipheny lace ty l ene was i s o l a t e d . ^ 1 5 ^ E l u t i o n with hexane-ben-
zene (1:JD a f forded 0.53 g (51%) o f b e n z o n i t r i l e . ^ F u r t h e r e l u t i o n 
with pure benzene gave 0.20 g (7%) o f d i p h e n y l a c r y l o n i t r i l e L X X I : mp 
166-167° ( l i t mp 1 6 6 - 1 6 7 ° ) . ^ 1 5 ' 1 6 ^ The l a s t compound present 0.31 g (11%) 
was i s o l a t e d by e l u t i o n with benzene-chloroform (8:2 to 7:3 v / v ) and was 
i d e n t i f i e d as 2 , 3 - d i p h e n y l q u i n o l i n e LXX: mp 90-91° ( l i t mp 90-91°) . ( - 1 5 ' 1 7 ^ 
l , 5 , 5 , 6 , 1 0 , 1 0 - H e x a p h e n y l - 5 H , 1 0 H - d i t r i a z o l o [ l , 2 - a : l f , 2 f - d j p y r a z i n e ( X X X ) 
A s o l u t i o n o f 2 g (0.0052 mole) o f XXV in 200 ml o f anhydrous 
t e t rahydrofuran was c h i l l e d t o -78° and t r e a t e d with 1.05 g (0.01 mole) 
o f t r i e t h y l a m i n e . An in t ense b lood- red c o l o r formed during the a d d i t i o n 
o f the second equ iva l en t o f t r i e t h y l a m i n e . The s o l u t i o n was a l lowed to 
warm t o room temperature and the c o l o r faded g r a d u a l l y . The r e a c t i o n 
was d i l u t e d with 200 ml o f anhydrous e the r and f i l t e r e d through C e l i t e 
t o remove 1.22 g (89%) o f t r i e t h y l a m i n e h y d r o c h l o r i d e . The so lven t was 
THF 
evaporated i n vacuo to g i v e 1.6 g (87%) o f XXX: mp 277-280°; X 216 
( 0 0 , 2 8 2 ) ; i r (KBr) 1494 and 1449 (C=C) and 895 and 698 c m - 1 ; mass 
spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 590 (15) , 562 (23 ) , 281 (100) 
and 204 (50) . 
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A n a l , C a l c d fo r C 4 2 H 3 0 N 6 : C , 81.53; H , 4 .89 ; N , 13.58. Found: 
C , 81.29; H , 4 .93 ; N , 13.57. 
P h o t o l y s i s o f XXX 
A s o l u t i o n o f 1,55 g (0.0025 mole) o f the pyraz ine XXX i n 400 ml 
o f benzene- te t rahydrofuran (1:1) was photo lyzed fo r 3 hr us ing a Hanovia 
450-W h igh -p re s su re mercury d i scha rge lamp i n a quar tz probe. There was 
no n i t r o g e n e v o l u t i o n and upon evapora t ing the so lven t in_ vacuo , s t a r t ­
ing m a t e r i a l was recovered q u a n t i t a t i v e l y . ^ " 1 5 ^ 
Hydro lys i s o f XXX 
To a suspension o f 0.618 g (0.001 mole) o f the py raz ine XXX i n 
200 ml o f e thanol was added 50 ml o f 5% h y d r o c h l o r i c a c i d . The mixture 
was r e f l u x e d 18 hr and the so lven t evaporated i n vacuo . The r e s idue 
was d i s s o l v e in e the r , washed with water , d r ied (MgSO^), f i l t e r e d and 
concen t ra ted in vacuo. Upon d i l u t i n g with pentane 0.52 g (87%) o f XXIV 
p r e c i p i t a t e d ^ - 1 5 ^ and was c o l l e c t e d by f i l t r a t i o n , 
l - B e n z y l - 3 - p h e n y l - l , 2 , 4 - t r i a z o l e ( X X X I ) 
To a m a g n e t i c a l l y s t i r r e d s o l u t i o n o f 26.5 g (0.39 mole) o f sodium 
e thox ide i n 100 ml o f e thanol was added por t ionwise 50.8 g (0.35 mole) 
o f 3 - p h e n y l - l , 2 , 4 - t r i a z o l e ( L X X X I V ) , ( ' 1 8 ' ) The mixture was s t i r r e d fo r 5 
min and 66.7 g (0.525 mole) o f f r e s h l y d i s t i l l e d benzy l c h l o r i d e was 
added. The r e a c t i o n mixture was r e f l u x e d fo r 1 hr and then s t i r r e d at 
room temperature fo r 18 a d d i t i o n a l h r s . The sodium c h l o r i d e was r e ­
moved by f i l t r a t i o n and the f i l t r a t e concen t ra ted in_ vacuo y i e l d i n g an 
o i l y suspension o f c r y s t a l s . The o i l was decanted and the s o l i d c r y s ­
t a l l i z e d from to luene-pentane to g i v e 41 g (50%) o f X X X I : mp 100-102°. 
A second crop c r y s t a l l i z e d from the o i l and was removed by f i l t r a t i o n 
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a f fo rd ing an a d d i t i o n a l 13 g (16%) o f X X X I : mp 98-100°. R e c r y s t a l l i z a ­
t i o n from to luene-pentane gave an a n a l y t i c a l sample o f X X X I : mp 101-
102°; i r (CHC1 3 ) 2987 ( C - H ) , 1496 ( C * C ) , 1440 ( C * C ) , and 695 c m " 1 ; nmr 
(CDCl ) 8 8 .32-8.03 (m, 2H), 7.94 ( s , I H ) , 7.53-7.00 (m, 8H), and 5.17 
( s , 2H); mass spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 235 (100) and 
91 (66) . 
A n a l . C a l c d f o r C
 5 H ^ : C , 76.57; H , 5 .57; N , 17.86. Found: 
C , 76.54; H , 5 .60; N , 17.92. 
l - B e n z y l - 3 , a ,a - t r i p h e n y l - l , 2 , 4 - t r i a z o l e - 5 - m e t h a n o l ( X X X I I ) 
An 0.83 N s o l u t i o n o f phenyl i th ium (0.25 mole) was prepared by 
the a c t i o n o f 39.2 g (0.25 mole) o f bromobenzene on 3.5 g (0.5 mole) o f 
l i t h i u m r ibbon ( con ta in ing 1 percent sodium metal) in 200 ml o f anhy­
drous e the r . The mixture was cooled to -20° and t r e a t e d over 1 hr with 
a s o l u t i o n o f 52 g (0.22 mole) o f the e s t e r o f XXXI in 200 ml o f t e t r a ­
hydrofuran- anahydrous e the r (1:1 v / v ) . The mixture was s t i r r e d f o r 2 hrs 
without e x t e r n a l c o o l i n g and a s o l u t i o n o f 41.9 g (0.23 mole) o f benzo-
phenone i n 100 ml o f t e t rahydrofuran was added dropwise over 1 h r . A f ­
t e r s t i r r i n g 18 hrs at room temperature , water (300 ml) was added drop-
wise and the r e s u l t i n g l aye r s separa ted . The o rgan ic l a y e r was washed 
with water (2 x 50 m l ) , d r i ed (MgSO^), f i l t e r e d and the so lven t evaporated 
i n vacuo to g i v e 49 g (53%) o f X X X I I : mp 118-121°. 
An a n a l y t i c a l sample o f X X X I I was obta ined upon r e c r y s t a l l i z a ­
t i o n from benzene and had: mp 120-122°; i r (CHC1 3) 3380 (OH), 3060, 
3000, 1595, 1487, 1483 and 687 c m - 1 ; nmr (DMS0-d 6) 8 8 .14-7.78 (m, 2H), 
7.67-6.88 (m, 18H) and 5.47 ( s , 2H); mass spectrum (70 eV) m/e_ ( r e l a t i v e 
i n t e n s i t y ) 417 (21) , 326 (10) , 235 (100) , 182 (84) , 105 (79) , 91 (90) . 
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A n a l . C a l c d ' f o r C 2 g H 2 3 N 3 0 : C , 80 .55; H, 5 .55; N , 10.07. Found: 
C , 80.62; H, 5 .64; N , 10.08. 
3 ( 5 ) , a , a - T r i p h e n y l - 1 , 2 , 4 - t r i a z o l e - 5 ( 3 ) - m e t h a n o l ( X X X I I I ) 
A s t i r r e d s o l u t i o n o f 47 g (0.11 mole) o f the a l c o h o l XXXII in 
300 ml o f l i q u i d ammonia ( -50°) was t r e a t e d por t ionwise over 1.5 hr with 
6.2 g (0.26 mole) o f sodium me ta l . A f t e r the a d d i t i o n was complete , the 
r e a c t i o n mixture was s t i r r e d 2.5 hr and quenched by the a d d i t i o n o f 15.5 g 
(0.29 mole) o f s o l i d ammonium c h l o r i d e . The ammonia was a l lowed t o 
evaporate and the r e s idue p a r t i t i o n e d between e the r and water . The 
e the r l a y e r was washed with water (2 x 100 m l ) , d r i ed (MgSO^), f i l t e r e d 
and concen t ra ted t o 50 ml on a steam b a t h . Upon d i l u t i n g with pentane , 
a p r e c i p i t a t e formed, was removed by f i l t r a t i o n , and d r i ed in vacuo t o 
g i v e 21 g (58%) o f X X I I I : mp 228-230° ( d e c ) . The mother l i q u o r s were 
then evaporated t o dryness t o g i v e an a d d i t i o n a l 16 g (34%) o f impure 
X X X I I . The c a r b i n o l X X X I I I was r e c r y s t a l l i z e d twice from to luene t o 
a f f o r d an a n a l y t i c a l sample which had: mp 232-233° ( d e c ) ; i r (KBr) 
3043 (N-H) , 3263 (OH), 1490, 1468, 746 and 691 c m " 1 ; nmr (DMS0-d 6) 
8 8 .12-7.82 (m, 2H) and 7.58-6.82 (m, 13H); mass spectrum (70 eV) 
m/e ( r e l a t i v e i n t e n s i t y ) 327 (20) , 310 (67) , 209 (100) , 281 (12 ) , 250 
(21) , 182 (23 ) , 178 (51 ) , 105 (43) and 103 (44) . 
A n a l . C a l c d f o r C ^ H ^ I ^ O : C , 77.04; H , 5 .23 ; N , 12.84. Found: 
C , 77.22; H , 5 ,38; N , 12,89. 
3 ( 5 ) - P h e n y l - 5 ( 3 ) - c h l o r o d i p h e n y l m e t h y l - 1 , 2 , 4 - t r i a z o l e hydroch lo r ide 
(XXXIV) 
A s t i r r e d s o l u t i o n o f 9.8 g (0.03 mole) o f the a l c o h o l X X X I I I i n 
100 ml o f anhydrous e ther was sa tu ra t ed with dry hydrogen c h l o r i d e . 
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The so lven t was evaporated in_ vacuo and the r e s idue t r e a t e d with a s o l u ­
t i o n o f 15 ml o f t h i o n y l ch lo r ide , i n 30 ml o f benzene. The r e s u l t i n g 
mixture was r e f l u x e d 1 hr then s t i r r e d at room temperature fo r 18 h r s . 
Upon d i l u t i o n with anhydrous e t h e r , the c r y s t a l s which formed were 
c o l l e c t e d by f i l t r a t i o n and d r i ed i n vacuo to g i v e 10.8 g (93%) o f 
XXXIV: mp 174-176° ( d e c ) . Two r e c r y s t a l l i z a t i o n s from t e t r ahydro fu ran -
e the r a f forded an a n a l y t i c a l sample ofXXXIV which had: mp 175-177°; i r 
(KBr) 3300, 2380, and 1840 ( N H + ) , and 780 ( C - C l ) c m ' 1 ; mass spectrum 
(70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 309 (100) . 
A n a l . C a l c d fo r C ^ H ^ C i r ^ < H C 1 : C , 65 .97; H , 4 .48 ; N , 10.99, 
Found: C , 65 .91 ; H , 4 .54 ; N , 11.12, 
3 (5 ) -Pheny l -5 (3 ) -me thoxyd ipheny lmethy1-1 ,2 ,4 - t r i azo le (XXXV) 
A s o l u t i o n o f 3.83 g (0.01 mole) o f XXXIV i n 250 ml o f anhydrous 
te t rahydrofuran was cooled t o -78° and t r e a t e d dropwise wi th 2.02 g 
(0,02 mole) o f anhydrous t r i e t h y l a m i n e during which t ime a deep red-
orange c o l o r developed. A f t e r s t i r r i n g fo r 10 min a t - 7 8 ° , the r e a c t i o n 
mixture was d i l u t e d with hexane and f i l t e r e d under a dry n i t r o g e n atmos­
phere to remove 2.58 g (94%) o f t r i e t h y l a m i n e h y d r o c h l o r i d e . The r e ­
s u l t i n g c l e a r red-orange s o l u t i o n was t r e a t e d wi th 40 ml of anhydrous 
methanol at -78° and al lowed t o warm g r a d u a l l y to room temperature . As 
the r e a c t i o n mixture warmed, there was a gradual d i scha rge o f c o l o r u n t i l 
a c l e a r c o l o r l e s s s o l u t i o n r e s u l t e d from which the so lven t was evaporated 
i n vacuo. The s o l i d r es idue was r e c r y s t a l l i z e d from to luene to g i v e 2.9 g 
(89%) o f XXXV: mp 134-135°; i r (CHC1 3 ) 3444 (N-H) , 1490, 1468 and 1443 
( O C ) , 1100 (broad C-O-C) and 698 c m " 1 ; nmr (CDC1 3 )58 .28-7 .92 (m, 2H), 
24 
7.77-7,06 (m, 13H) and 3.22 ( s , 3H); mass spectrum (70 eV) m/e_ ( r e l a t i v e 
i n t e n s i t y ) 341 (70) and 310 (100) . 
A n a l . C a l c d fo r c 2 2 H i 9 N 3 0 : C ' 7 7 - 3 9 ^ H * 5 - 6 1 ^ N » 12.31. Found: 
C , 77.42; H, 5 .80 ; N , 12.15. 
P h o t o l y s i s o f 3 ( 5 ) - P h e n y l - 5 ( 3 ) - b e n z h y d r y l i d e n e - 5 H ( 3 H ) - 1 , 2 , 4 - t r i a z o l e 
(XXXVI) 
A c h i l l e d s o l u t i o n (-78°) o f 3.83 g (0,01 mole) o f the c h l o r o com­
pound XXXIV i n 400 ml o f benzene- te t rahydrofuran (1:1) was t r e a t e d with 
2.02 g (0.02 mole) o f t r i e t h y l a m i n e . The r e s u l t i n g red-orange s o l u t i o n 
THF ( \ 442 nm) o f the fulvene XXXVI was photo lyzed at -78° fo r 4.5 hrs max r / • 
us ing a 450-W Hanovia h igh -p res su re mercury d i s cha rge lamp i n a Pyrex 
probe. The r e s u l t i n g c o l o r l e s s s o l u t i o n was al lowed to warm to room 
temperature and f i l t e r e d through C e l i t e to remove 2.62 g (92%) o f t r i ­
e thylamine h y d r o c h l o r i d e . The f i l t r a t e was concent ra ted i n vacuo and 
the res idue t r i t u r a t e d with benzene to g i v e 0.338 g (12%) o f X X I X : mp 
225-230°. ^* 5^ The benzene t r i t u r a t e was evaporated i n vacuo and the 
res idue chromatographed on 50 g o f F l o r i s i l . Upon e l u t i o n wi th hexane 
0.85 g (48%) o f d i p h e n y l a c e t y l e n e was i s o l a t e d . ^ 1 5 ^ E l u t i o n with hexarie-
benzene (1:1) a f forded 0.45 g (43%) o f b e n z o n i t r i l e , ^ 5 ^ Fur ther e l u t i o n 
with benzene gave 0.30 g (11%) o f t r i p h e n y l a c r y l o n i t r i l e L X X X I : mp 166-
167° ( l i t mp 1 6 6 - 1 6 7 ° ) . ^ 1 5 ' C o n t i n u e d e l u t i o n with benzene -ch lo ro ­
form (1:1) led t o the i s o l a t i o n of 1 , 3 - d i p h e n y l - 5 - d i p h e n y l m e t h y l - l , 2 , 4 -
t r i a z o l e XXXVII 0.309 g (8%) : mp 188-190° . . ^ 1 5 ' 1 9 ^ The l a s t compound 
present 0,48 g (17%) was i s o l a t e d by e l u t i n g with benzene-chloroform 
(8:2 to 7:3 v / v ) and was i d e n t i f i e d as 2 , 3 - d i p h e n y l q u i n o l i n e LXX: mp 
90-91° ( l i t mp 9 0 - 9 1 ° ) . ( 1 5 ' 1 7 ' 2 0 ) 
25 
l , 3 - D i p h e n y l - 5 - d i p h e n y l m e t h y l - l , 2 , 4 - t r i a z o l e ( X X X V I I ) 
A 250 ml three-necked round-bottomed f l a s k f i t t e d with a r e f l u x 
condensor, n i t r o g e n i n l e t and p r e s s u r e - e q u a l i z i n g dropping funnel was 
(19) 
charged with 9.24 g (0.04 mole) o f benzoyl c h l o r i d e phenylhydrazone J 
and 15.44 g (0.08 mole) o f d i p h e n y l a c e t o n i t r i l e and heated to 100°. The 
r e s u l t i n g s o l u t i o n was t r e a t e d dropwise over 3 hrs a t t h i s temperature 
with a s o l u t i o n o f 14.54 g (0,144 mole) o f t r i e t h y l a m i n e i n 30 ml o f 
t o l u e n e . A f t e r the a d d i t i o n was complete , the r e a c t i o n mixture was 
s t i r r e d at r e f l u x fo r 18 h r s , c o o l e d , d i l u t e d with benzene to 250 ml and 
the t r i e t h y l a m i n e hydroch lo r ide removed by f i l t r a t i o n . The o r g a n i c l a y ­
er was washed with water (1 x 300 m l ) , d r i ed (MgSO^), d e c o l o r i z e d with 
N o r i t e , f i l t e r e d and evaporated i n vacuo . The r e s idue was d i s s o l v e d i n 
hot e thanol and d i l u t e d with water u n t i l t u r b i d . A f t e r s t and ing 18 h r s , 
n e e d l e - l i k e c r y s t a l s formed and were removed by f i l t r a t i o n and r e c r y -
s t a l l i z e d from e thanol t o g i v e 10.4 g (67%) o f X X X V I I ; mp 188-190°; i r 
(CHC1 3) 1600 ( O N ) , 1498 ( O C ) , 1448 (C=C) , 1353 and 697 c m - 1 ; nmr 
(CDC1 3 ) 8 8.35-8.11 (m, 2H), 7.87-6.98 (m, 18H) and 5.49 ( s , i H ) ; mass 
spectrum (70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 387 (100). 
A n a l . C a l c d fo r C 2 7 H 2 1 N 3 : C , 83.69; H , 5 .46; N , 10.85. Found: 
C , 83 .72; H, 5 .39; N , 10.72. 
Thermolysis o f XXIX 
0.56g (0.001 mole) o f the dimer XXIX was heated at 300° fo r 1 hr 
in a 100 ml f l a s k . The res idue was chromatographed on 15 gm o f 
F l o r i s i l and e l u t i o n with hexane-benzene (1:1 v / v ) gave 0.027 g (26%) o f 
b e n z o n i t r i l e . ^ 1 5 ^ E l u t i o n wi th benzene gave 0.059 g (13%) o f penta-
p h e n y l p y r i d i n e : mp 2 4 4 - 2 4 5 ° . ^ 1 5 ' F u r t h e r e l u t i o n with benzene 
26 
af forded 0.326 g (58%) o f the s t a r t i n g dimer X X I X . 
2 , 5 , 5 , 7 , 1 0 , 1 0 - H e x a p h e n y l - 5 H , 1 0 H - d i t r i a z o l o [ l , 2 - a : 1 ' , 2 ' - d ] p y r a z i n e 
(XXXVII I ) 
A c h i l l e d s o l u t i o n (-78°) o f 1.91 g (0.005 mole) o f the c h l o r o 
compound X X X I I i n 200 ml o f anhydrous te t rahydrofuran was t r e a t e d with 
1.01 g (0.01 mole) o f t r i e t h y l a m i n e . The in t ense red-orange c o l o r 
formed during the a d d i t i o n o f the second e q u i v a l e n t o f t r i e t h y l a m i n e . 
The s o l u t i o n was a l lowed to warm to room temperature during which time 
the c o l o r faded. The r e a c t i o n mixture was d i l u t e d with 200 ml o f anhy­
drous e the r and f i l t e r e d through C e l i t e t o remove 1.25 g (91%) o f t r i ­
e thylamine h y d r o c h l o r i d e . The so lven t was evaporated i n vacuo t o g i v e 
1.26 g (84%) o f pure X X X V I I : mp 291-293°; i r 1501 and 1456 ( O C ) , 905 
and 701 cm "*"; mass spectrum (70 eV) ( r e l a t i v e i n t e n s i t y ) 590 (17) , 562 
(30) , 281 (100) , and 204 (48) . 
A n a l . C a l c d fo r C 4 H 3 N : C , 81.53; H, 4 . 8 9 ; ; N , 13.58. Found: 
C , 81 .23; H, 4 .99 ; N , 13.45. 
P h o t o l y s i s o f XXXVII I 
A s o l u t i o n o f 1.55 g (0.0025 mole) o f the pyraz ine X X X V I I I i n 
400 ml o f benzene- te t rahydrofuran (1:1 v :v ) was photolyzed fo r .4 hrs u s ­
ing a Hanovia 450-W h igh-p res su re mercury d i scha rge lamp i n a quar tz 
probe. There was no n i t r o g e n e v o l u t i o n and upon evapora t ing the so lven t 
in vacuo, s t a r t i n g m a t e r i a l was recovered q u a n t i t a t i v e l y . 
Hydro lys i s o f XXXVII I 
To a suspension o f 0.618 g (0,001 mole) o f the py raz ine X X X V I I I 
i n 200 ml o f e thanol was added 50 ml o f 5% h y d r o c h l o r i c a c i d . The mix­
ture was r e f l u x e d 18 hrs and evaporated i n vacuo. The res idue was d i s ­
so lved i n e the r , washed with water , d r ied (MgSO.) , f i l t e r e d and concen-
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t r a t e d in vacuo to g i v e 0.56 g (91%) o f c r y s t a l l i n e X X X I I I (mp 232-
2 3 3 o ) t ( 1 5 ) I »; • 
Methyl 4 - p - C h l o r o p h e n y l - l , 2 , 3 - t r i a z o l e - 5 - c a r b o x y l a t e ( X X X I X ) 
To a suspension o f 13 g (0 .2 mole) o f sodium az ide i n 175 ml o f 
dimethylformamide at room temperature was added dropwise a s o l u t i o n o f 
(22) 
39 g (0 ,2 mole) o f methyl p_-chlorophenylpropiola te i n 50 ml o f d i ­
methylformamide. The a d d i t i o n was s l i g h t l y exothermic (38°) and a f t e r 
i t was complete (1 hr) the mixture was s t i r r e d fo r 18 hrs a t room temp­
e r a t u r e . The so lven t was removed i n vacuo , the res idue d i s s o l v e d i n 
550 ml o f water and washed with e t h e r . The water l a y e r was a c i d i f i e d 
with concent ra ted h y d r o c h l o r i c a c i d , , e x t r a c t e d with e t h e r , d r i ed (MgSO^), 
f i l t e r e d and the so lven t evaporated i n vacuo to g i v e 44 g (92%) o f XXXIX: 
mp 167-168°. Two r e c r y s t a l l i z a t i o n s from e thano l a f forded the a n a l y t i ­
c a l sample which had: mp 170-171°; i r (CHC1 ) 3120 (N-H) , 1730 ( O O ) , 
1140, 1098, 1015, and 838 c m " 1 ; nmr (DMSO-dJ 8 8 .08-7.42 (m, 4H), and 
o 
3.88 ( s , 3H); mass spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 239 (35) , 
237 (100) , 208 (28) , and 206 (79) . 
A n a l . C a l c d fo r C ^ H g C l N ^ : C , 50.54; H , 3 .39; N , 17.58. Found: 
C , 50 .71; H , 3,47; N , 17.57. 
4 (5 ) -£ -Ch lo ropheny l - a , a - d i p h e n y l - 1 , 2 , 3 - t r i a z o l e - 5 ( 4 ) - m e t h a n o l ( X L ) 
To a s o l u t i o n o f (0.31 mole o f p h e n y l l i t h i u m prepared by the a c t i o n 
o f 51.7 g (0,31 mole) o f bromobenzene on 4.34 g (0.62 mole) o f l i t h i u m 
r ibbon ( con t a in ing 1% sodium metal) i n 300 ml o f e the r was added 23*8 g 
(0.1 mole) o f the s o l i d e s t e r XXXIX po r t i onwi se . A f t e r the i n i t i a l exo ­
thermic r e a c t i o n ceased , the mixture was r e f l u x e d fo r 18 hrs and decom­
posed us ing 125 ml o f 5% h y d r o c h l o r i c a c i d . A f t e r s epa ra t ing the l a y e r s , 
the o rgan ic l a y e r was washed with water , d r i ed (MgSO.) , f i l t e r e d and the 
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so lven t evaporated i n vacuo t o g i v e 33,6 g (96%) o f X L : mp 172-175°. 
An a n a l y t i c a l sample was obta ined upon r e c r y s t a l l i z a t i o n once from e tha ­
no l and once from benzene which had: mp 174-175°; i r ( C H C l p 3420 ( 0 - H ) , 
3170 (N-H) , 1492 ( O C ) , 1448 ( C - C ) , 1095, 1010, 840 and 704 c m " 1 ; nmr 
(DMS0-d 6) 8 7 .79-6.93 (m, 14H); mass spectrum (70 eV) m/e_ ( r e l a t i v e 
i n t e n s i t y ) 363 (29) , 361 (64) , 317 (10) , 315 (18) , 286 (28) and 284 (100) . 
A n a l . C a l c d f o r C ^ H ^ C I N . ^ : C , 69 .71 ; H , 4 ,46 ; N , 11.61, 
Found: C , 69 .59; H , 4 .54; N , 1 1 . 6 3 . 
4 ( 5 ) - £ - C h l o r o p h e n y l - 5 ( 4 ) - c h l o r o d i p h e n y l m e t h y l - 1 , 2 , 3 - t r i a z o l e ( X L I ) 
To a s o l u t i o n o f 15 ml o f t h i o n y l c h l o r i d e i n 30 ml o f benzene 
was added 9,05 g (0,025 mole) o f the a l c o h o l X L , The mixture was s t i r ­
red at room temperature fo r 18 hr and then r e f l u x e d fo r 4 h r . Upon d i ­
l u t i o n with e the r a p r e c i p i t a t e formed which was removed by f i l t r a t i o n 
and d r i e d i n vacuo t o g i v e 9.1 g (87%) o f X L I : mp 245-248° ( d e c ) . Two 
r e c r y s t a l l i z a t i o n s from t e t r ahydro fu ran -e the r a f forded the a n a l y t i c a l 
sample o f X L I : mp 250-252°; i r (KBr) 3310, 2520 and 1830 (N-H-HC1), 
1602 ( C - N ) , 1490 and 1443 (C=C) , 750 ( C - C l ) and 698 c m " 1 ; mass spectrum 
(70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 345 (30) , 343 (100) , 268 (50) and 266 
(20) . 
A n a l . C a l c d fo r C ^ H ^ C l ^ - H C l : C , 60 .52; H , 3.87; N , 10.08. 
Found: C , 60.47; H , 3 ,92; N , 10.19. 
P h o t o l y s i s o f 4 (5 ) -£ -Ch lo ropheny l -5 (4 ) -benzhydry l idene -5H(4H) -1 ,2 ,4 -
t r i a z o l e ( X L I I ) 
A c h i l l e d (78°) s o l u t i o n o f 4.17 g (0.01 mole) o f the c h l o r o com­
pound XLI in 400 ml o f benzene- te t rahydrofuran (1:1) was t r e a t e d with 
2.02 g (0.02 mole) o f t r i e t h y l a m i n e . The r e s u l t i n g red-orange s o l u t i o n 
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THF ( X 454 nm) o f the fu lvene X L I I was photo lyzed at -78° fo r 3.5 hr 
max J 
us ing a 450-W Hanovia h igh -p re s su re mercury d i scha rge lamp i n a Pyrex 
probe. The r e s u l t i n g c o l o r l e s s s o l u t i o n was f i l t e r e d to remove the 
t r i e t h y l a m i n e hydroch lo r ide (2.43 g , 88%). The f i l t r a t e was concen t r a ­
ted i n vacuo and the res idue t r i t u r a t e d with benzene and al lowed t o 
s tand 24 hr g i v i n g 0.160 g (5%) o f X L I I I : mp 243-244°, which a f t e r two 
EtOH 
r e c r y s t a l l i z a t i o n s from e thanol had: X 247 nm ( ( 36 ,750) : 
max * ' 
^ H C l - E t O H
 2 6 3 n m 19 163); X H 2 ^ ° 4 525 nm; i r ( C H C 1 J 1620 (C=N) , 
max ' ' max ' 3 ^ ' 
1592 and 1485 (C=C) , 1445, 1140, 1125 (broad) , 1090 and 695 c m - 1 ; nmr 
(CDC1 3 ) § 8.05-6.84 (m, 30H); mass spectrum (70 eV) m/e ( r e l a t i v e i n ­
t e n s i t y ) 634 (21 ) , 633 (38) 632 (82 ) , 631 (60) , 630 (100) , 495 ( 7 ) , 
494 (10) , 493 (16) , 492 (14) , 454 ( 6 ) , 452 (13) , 419 (21) , 417 (46 ) , 
214 (15) , 212 (40) and 178 (45) . 
A n a l , C a l c d fo r C . _ H _ 0 C 1 _ N _ : C , 79.87; H , 4 .47 ; N , 4 .44 . 
Found: C , 79,94; H , 4 ,52 ; N , 4 .46 . 
The benzene t r i t u r a t e was evaporated In vacuo and the r e s idue was 
chromatographed on 50 g o f F l o r i s i l . Upon e l u t i o n with hexane 1.17 g 
(66%) o f d ipheny lace ty l ene was i s o l a t e d . E l u t i o n with hexane-ben-
zene (1:1 v : v ) a f forded 0.938 g (68%) o f £ - c h l o r o b e n z o n i t r i l e . ^ 1 5 ^ Fur­
the r e l u t i o n with benzene gave 0.447 g (14%) o f l - £ - c h l o r o p h e n y l - 2 , 2 -
d i p h e n y l a c r y l o n i t r i l e ( L X I I I ) : mp 142-143° ( l i t mp 1 4 3 - 1 4 4 ° ) . ( 1 5 , 1 6 , 2 3 ) 
Continued e l u t i o n with benzene-chloroform (90:10 to 70:30) led to the 
i s o l a t i o n o f 0.221 g (7%) o f 2 -£ -ch lo ropheny l -3 -pheny lqu ino l ine XLV: 
mp 93-95° . 
2 - £ - C h l o r o p h e n y l - 3 - p h e n y l q u i n o l i n e - 4 - c a r b o x y l i c a c i d XLIV 
To a s o l u t i o n o f 7,35 g (0.05 mole) o f i s a t i n and 12,7 g (0.055 
30 
mole) o f 4 - c h l o r o - a -phenylacetophenone i n 60 ml o f dry e thano l 
was added 12 g o f sodium hydroxide i n 25 ml water . The mixture was r e -
f l u x e d 18 hrs cooled and the so lven t evaporated in_ vacuo . The r e s idue 
was d i s s o l v e d in water , washed with e t h e r , d e c o l o r i z e d with N o r i t e , f i l ­
t e r ed and a c i d i f i e d with concent ra ted h y d r o c h l o r i c a c i d . The p r e c i p i ­
t a t e which formed was removed by f i l t r a t i o n and dr ied iri vacuo t o g i v e 
16.5 g (92%) o f X L I V : mp 305-308°. An a n a l y t i c a l sample ob ta ined by 
r e c r y s t a l l i z a t i o n from e thanol (2 t imes) had: mp 307-308°; i r (KBr) 
3400 (OH) and 1715 ( O O ) c m " 1 ; nmr (DMS0-d 6) 8 8 .33-7.08 (m, 13H); mass 
spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 361 (27) , 360 (48) , 359 (73) , 
358 (92) , 316 (14 ) , 315 (23 ) , 314 (38 ) , 313 (35 ) , 280 (22 ) , 279 (84) , 
278 (100) and 277 (52) . , 
A n a l . C a l c d fo r C ^ H ^ C I N O ^ C , 73.44; H , 3 .92; N , 3 ,89. 
Found: C , 73.46; H, 4 .04; N , 3.96. 
2 -£ -Ch lo ropheny l -3 -pheny lqu ino l ine (XLV) 
In a 100 ml f l a s k , 3.6 g (0.01 mole) o f the a c i d XLIV was heated 
at 320° u n t i l gas e v o l u t i o n ceased . The res idue was chromatographed 
over 20 g o f F l o r i s i l and e l u t i o n with benzene gave 2.46 g (78%) o f XLV: 
mp 93-95° . One r e c r y s t a l l i z a t i o n from pentane a f forded an a n a l y t i c a l 
sample which had: mp 94-95° ; i r (CHC1 3 ) 3060, 2975, 1597, 1488, 1095, 
1018, 841, 701 and 597 c m - 1 ; nmr (CDC1 3 ) -g 8.33-7.10 (m, 14H); mass 
spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 317 ( 2 1 ) , 316 (47 ) , 315 (61) 
and 314 (100) . 
A n a l . C a l c d fo r C 2 1 H 1 4 C 1 N : C , 79.87; H , 4 .47 ; N , 4 ,44 . Found: 
C , 79.76; H , 4 .55 ; N , 4.44 
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P h o t o l y s i s o f T r i p h e n y l - v - t r i a z i n e ( X L V I ) 
A s o l u t i o n o f 3.09 g (0.01 mole) o f t r i p h e n y l - v - t r i a z e n e i n 
400 ml o f benzene- te t rahydrofuran (1:1 v : v ) was photo lyzed at 30° f o r 
6 hrs us ing a Hanovia 450-W h igh -p re s su re mercury d i s cha rge lamp i n a 
Pyrex probe. A f t e r concen t r a t i ng i n vacuo , the r e s idue was t r i t u r a t e d 
with benzene-pentane to a f fo rd ye l low c r y s t a l s which were removed by f i l ­
t r a t i o n and d r i ed i n vacuo t o g i v e 0.51 g (18%) o f X X I X : mp 232-234° 
( a f t e r two r e c r y s t a l l i z a t i o n s from e t h a n o l ) . The t r i t u r a t e was eva ­
porated in vacuo and the res idue chromatographed over 40 g o f F l o r i s i l . 
Upon e l u t i o n with hexane 1.21 g (68%) o f d ipheny l ace ty l ene was i s o ­
l a t e d . ^ 1 5 ^ E l u t i o n with hexane-benzene (1:1 v : v ) provided 0.68 g (66%) 
o f b e n z o n i t r i l e . ^ " 1 5 ^ Cont inued e l u t i o n wi th benzene-chloroform (90:10 
t o 70:30) gave 0.170 g (6%) o f 2 , 3 - d i p h e n y l q u i n o l i n e , ( " 1 5 ' 1 7 ^ 
a, a - D i p h e n y l - l , 2 , 3 - t r i a z o l e - 4 ( 5 ) - m e t h a n o l ( X L V I I ) 
A s o l u t i o n o f pheny l l i t h ium (0.35 mole) was prepared by the a c t i o n 
of 55 g (0.35 mole) o f bromobenzene on 4.9 g (0.7 mole) o f l i t h i u m 
r ibbon ( con ta in ing 1% sodium metal) in 400 ml o f anhydrous e t h e r . The 
s o l u t i o n was cooled t o 5° and 13 g (0.093 mole) o f s o l i d e t h y l 1 ,2 ,3-
(261 
t r i a z o l e - 4 ( 5 ) - c a r b o x y l a t e was added p o r t i o n w i s e . The mixture was 
r e f l u x e d 18 hrs and decomposed us ing 125 ml o f s a tu ra t ed aqueous ammon­
ium c h l o r i d e s o l u t i o n . The e ther l a y e r was washed with water , d r i ed 
(MgSO^), f i l t e r e d and the so lven t evaporated i n vacuo t o g i v e 20.5 g 
(88%) o f X L V I I : mp 184-186°. One r e c r y s t a l l i z a t i o n from benzene 
af forded an a n a l y t i c a l sample o f X L V I I : mp 185-186°; i r (KBr) 3277 
( 0 - H ) , 3178 (N-H) , 1658 ( C - N ) , 1450 (C=C) , 1123, 856, and 701 c m " 1 ; nmr 
(25) 
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(DMSO-d 6) 5 7.61 ( s , IH) and 7.52-7.04 (m, 10H); mass spectrum (70 eV) 
m/e ( r e l a t i v e i n t e n s i t y ) 251 (50) , 174 (100) , 105 (57) and 96 (68 ) . 
A n a l . C a l c d fo r C 1 5 H 1 3 N 3 0 : C , 71.69; H , 5 ,21; N , 16 .72. Found: 
C , 71.59; H , 5 .27; N, 16 .53. 
5 ( 4 ) - C h l o r o d i p h e n y l - l , 2 , 3 - t r i a z o l e ( X L V I I I ) 
To a s t i r r e d s o l u t i o n o f 40 ml o f t h i o n y l c h l o r i d e i n 60 ml o f 
benzene was added por t ionwise 24.5 g (0,097 mole) o f the s o l i d a l c o h o l 
X L V I I . The mixture was s t i r r e d 1 hr during which time complete s o l u ­
t i o n occurred which was fo l lowed by formation o f a heavy p r e c i p i t a t e . 
The r e a c t i o n mixture was d i l u t e d with e ther and the s o l i d removed by 
f i l t r a t i o n and d r i ed i n vacuo to g i v e 25.8 g (84%) o f X L V I I I : mp 136-
140°. An a n a l y t i c a l l y pure sample could not be prepared as X L V I I I was 
very moisture s e n s i t i v e and could not be separa ted from i t s h y d r o l y s i s 
product , the a l c o h o l X L V I I . I r (KBr) 3310, 2560 and 1845 ( N H + ) , 1579 
(CsN), 1483 ( C « C ) , 1443 ( C « C ) , 750 ( C - C l ) and 698. c m " 1 ; mass spectrum 
(70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 233 (100) , 205 (44) and 128 (24) . 
4 ( 5 ) - B e n z h y d r y l i d e n e - 4 H ( 5 H ) - l , 2 , 3 - t r i a z o l e ( X L I X ) 
To a c h i l l e d s o l u t i o n (-78°) o f 1.16 g (0,0037 mole) o f the c h l o -
ro compound X L V I I I i n 200 ml o f benzene- te t rahydrofuran (1:1 v : v ) was 
added 0.75 g (0.0074 mole) o f t r i e t h y l a m i n e . A deep orange s o l u t i o n 
formed during the a d d i t i o n o f the second equ iva len t o f t r i e t h y l a m i n e but 
began to fade immediately at - 7 8 ° . The r e s u l t i n g c o l o r l e s s s o l u t i o n , 
( a f t e r 5 min) was f i l t e r e d through C e l i t e t o remove the t r i e t h y l a m i n e 
hydroch lo r ide (0.92 g , 91%). the f i l t r a t e was evaporated i n vacuo and 
the res idue was d i l u t e d with benzene. Upon s tanding 18 hrs 0.85 g (91%) 
of c o l o r l e s s c r y s t a l s o f XLVII (mp 184-186°) were d e p o s i t e d , ^ 1 5 ^ 
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a , a - D i p h e n y l - l , 2 , 4 - t r i a z o l e - 3 ( 5 ) ? - m e t h a n o l ( L ) 
A s o l u t i o n o f p h e n y l l i t h i u m (1.0 mole) was prepared by the a d d i ­
t i o n of 157 g (1,0 mole) o f bromobenzene to 14.0 g (2,0 mole) o f l i t h i u m 
r ibbon ( con t a in ing 1% o f sodium metal ) i n a t o t a l volume o f 1 1 o f e t h e r . 
The s o l u t i o n was c h i l l e d in an i c e bath t o 5° and 38,1 g (0,3 mole) o f 
(27) 
s o l i d methyl 1 , 2 , 4 - t r i a z o l e - 3 - c a r b o x y l a t e was added por t ionwise un­
der a n i t r o g e n atmosphere. The mixture was al lowed t o come to room 
temperature then r e f l u x e d fo r 18 h r s . The r e a c t i o n mixture was then de­
composed by the a d d i t i o n o f 250 ml o f sa tu ra t ed aqueous ammonium c h l o ­
r i d e s o l u t i o n to y i e l d a heavy p r e c i p i t a t e which was removed by f i l t r a ­
t i o n and d r i ed i n vacuo to g i v e 32 g (42%) o f L : mp 215-218°. From the 
f i l t r a t e , the o rgan ic l a y e r was washed with water , d r ied (MgSO^), f i l ­
t e red and the so lven t evaporated i n vacuo to g i v e 11 g o f t r i p h e n y l -
c a r b i n o l : mp 1 5 4 - 1 5 6 ° . ^ 1 5 ^ The water l aye r s were combined and neu­
t r a l i z e d with aqueous h y d r o c h l o r i c a c i d to pH 7 a f t e r which c r y s t a l s 
formed and were removed by f i l t r a t i o n t o g i v e an a d d i t i o n a l 18 g (24%) 
o f L : mp 218-220°, These two crops were combined and r e c r y s t a l l i z e d 
from benzene t o g i v e 47 g (62%) o f L : mp 221-223°. An a n a l y t i c a l sam­
p l e obta ined by r e c r y s t a l l i z a t i o n from benzene melted at 222-223° and 
had: i r (KBr) 3380 (N-H) , and 3150 (0-H) c m " 1 ; nmr (DMS0-d 6) 8 8.28 
( s , I H ) , and 7 .82-7,03 (m, 10H); mass spectrum (70 eV) m/e. ( r e l a t i v e 
i n t e n s i t y ) 251 (100) , 233 (44 ) , 174 (80 ) , 105 (51) and 96 (38) , 
A n a l . C a l c d fo r C 1 5 H 1 3 N 3 0 : C , 71.69; H , 5 .21 ; N , 16.72. Found: 
C , 71,79; H, 5 .26; N , 16.63. 
3 ( 5 ) - C h l o r o d i p h e n y l m e t h y l - l , 2 , 4 - t r i a z o l e ( L I ) 
To a s o l u t i o n o f 60 ml o f t h i o n y l c h l o r i d e i n 100 ml o f benzene 
was added 38 g (0.15 mole) o f the s o l i d a l c o h o l L p o r t i o n w i s e . A f t e r 
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the exothermic r e a c t i o n ceased , the mixture was s t i r r e d 18 hrs at room 
temperature . The s o l i d which formed was removed by f i l t r a t i o n and d r i ed 
i n vacuo to g i v e 33 g (73%) o f L I : mp 184-187°. Two r e c r y s t a l l i z a t i o n s 
from t e t r ahydro fu ran -e the r a f forded a pure sample o f L I : mp 186-188°. 
An a n a l y t i c a l l y pure sample could not be prepared as L I was very mois ­
tu re s e n s i t i v e and could not be separa ted from i t s h y d r o l y s i s product , 
the a l c o h o l L . I r (KBr) 3300, 2460 and 1890 (NH +) and 760 ( C - C l ) c m - 1 ; 
mass spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 233 (100) , 205 (40) and 
128 (35) . 
3 ( 5 ) - B e n z h y d r y l i d e n e - 3 H ( 5 H ) - l , 2 , 4 - t r i a z o l e ( L I I ) 
To a c h i l l e d suspension (-78°) o f 3.06 g (0.01 mole) o f the c h l o ­
ro compound LI i n 300 ml o f benzene- te t rahydrofuran (1:1 v : v ) was added 
2.02 g (0.02 mole) o f t r i e t h y l a m i n e . The mixture was s t i r r e d 5 min and 
the r e s u l t i n g in t ense ye l low s o l u t i o n photo lyzed a t -78° f o r 4 hrs us ing 
a Pyrex probe and a Hanovia 450-W h igh -p re s su re mercury d i s cha rge lamp. 
The c o l o r l e s s s o l u t i o n was f i l t e r e d through C e l i t e to remove the t r i ­
e thylamine hydroch lo r ide (2.35 g 85%). The s o l v e n t from the f i l t r a t e 
was evaporated i n vacuo y i e l d i n g a gummy res idue which was d i s s o l v e d i n 
benzene. Upon s tand ing 18 hrs the s o l u t i o n depos i ted c o l o r l e s s c r y s t a l s 
which were removed by f i l t r a t i o n and d r i ed i n vacuo to g i v e 0.75 g o f L : 
mp 218-220°. ( - 1 5 ' ) The c o l l e c t i o n o f an a d d i t i o n a l 1.5 g o f L : mp 217-
219° brought the t o t a l y i e l d to 89%. 
5 ( 4 ) - [ 9 - H y d r o x y - 9 - f l u o r e n e ] - 4 ( 5 ) - p h e n y l - 1 , 2 , 3 - t r i a z o l e ( L I I I ) 
(28) 
To a s t i r r e d s o l u t i o n o f 0.034 mole o f o , o ' - d i l i t h i o b i p h e n y l 
in 100 ml o f anhydrous e ther was added 0.034 mole o f the l i t h i u m anion 
(14) 
o f methyl 4 - p h e n y l - 1 , 2 , 3 - t r i a z o l e - 5 - c a r b o x y l a t e as an e ther suspen-
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s i o n . This was prepared by the a d d i t i o n o f 20.4 ml (0.034 mole) o f 
p h e n y l l i t h i u m (1.66 M) t o a s o l u t i o n o f 6.9 g (0.034 mole) o f the e s t e r 
in 50 ml o f anhydrous e t h e r . A f t e r t h i s suspension had been added, the 
mixture was r e f l u x e d fo r 18 hrs and then decomposed us ing 5% hydro­
c h l o r i c a c i d (125 m l ) . The o rgan ic l a y e r was washed with water (2 x 50 ml) 
d r ied (MgSO^), f i l t e r e d and the so lven t evaporated i n vacuo y i e l d i n g 6.2 
g (56%) o f L I I I : mp 216-219°. Two r e c r y s t a l l i z a t i o n s from e the r -pen-
tane a f fo rded an a n a l y t i c a l sample o f L I I I : mp 219-220°; i r (KBr) '3210 
(fl-H and 0-H b road ) ; nmr (DMS0-d 6) 8 7 .87-6.48 (m, 13H); mass spectrum 
(70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 325 (40) , 181 (54) and 152 (100) . 
A n a l . C a l c d fo r C 2 1 H 1 5 N 3 0 : C , 77.52; H , 4 ,65 ; N , 12.92. Found: 
C , 77,35; H, 4 .75 ; N , 12.83 
1 , 6 - D i p h e n y 1 - 5 , 5 , 1 0 , 1 0 - b i s d i p h e n y l e n e - 5 H , l O H - d i t r i a z o l o [ 1 , 2 - a : 1 ' , 2 ' - d ] -
i • • i i in i i ii n 11 • ~~~ 
pyraz ine(XV) 
To a s t i r r e d s o l u t i o n o f 10 ml o f t h i o n y l c h l o r i d e i n 50 ml o f 
dry benzene was added 3.25 g (0.01 mole) o f the a l c o h o l L I I I . The s o l u ­
t i o n was heated in order to complete s o l u t i o n and a f t e r 10 min a heavy 
p r e c i p i t a t e formed. Heat ing was cont inued fo r 0,5 hr and the suspension 
was then s t i r r e d 18 hrs a t room temperature . The r e a c t i o n was d i l u t e d 
with dry e t h e r , the s o l i d removed by f i l t r a t i o n , washed with e the r and 
dr ied i n vacuo t o g i v e 3 g (97%) o f L I V : mp > 330°; i r (KBr) 1450 
(C=C) , 1280, 943, 900, 745 and 700 c m - 1 ; nmr (DMS0-d 6) 8 7 .81-6.98 
(m, 26H); mass spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 279 (100) . 
A n a l . C a l c d fo r C „ 0 H 0 , N • C , 82.06; H , 4 .26; N , 13.67. Found: 42 26 6 
C , 82.14; H , 4 .22 ; N , 13.81. 
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3 , 5 , a , g -Te t rapheny lpyrazo le -4 -methano l (XVI) 
A s o l u t i o n o f p h e n y l l i t h i u m (0.2 mole) was prepared by the a d d i ­
t i o n o f 31.4 g (0 .2 mole) bromobenzene t o 2.8 g (0.4 mole) o f l i t h i u m 
r ibbon ( con ta in ing 1% sodium metal) i n 250 ml anhydrous e t h e r . To t h i s 
s o l u t i o n was added por t ionwise 13 g (0.0468 mole) o f s o l i d methyl 3 ,5 -
(29) 
d i p h e n y l p y r a z o l e - 4 - c a r b o x y l a t e , J The suspension was s t i r r e d fo r 18 
hrs at r e f l u x and decomposed with 100 ml o f 5% h y d r o c h l o r i c a c i d . A 
s o l i d separated and was removed by f i l t r a t i o n to g i v e 16. 8 g o f L V I : 
mp 207-209°. The o rgan i c l a y e r o f the f i l t r a t e was washed with water 
(2 x 75 m l ) , d r i ed ( M g S 0 4 ) , d e c o l o r i z e d with N o r i t e (2 g ) , f i l t e r e d 
through C e l i t e and evaporated i n vacuo to g i v e an a d d i t i o n a l 1.4 g o f 
L V I : mp 208-209°. The combined y i e l d was 18.4 g (97%) and an a n a l y t i ­
c a l sample o f LVI obta ined by c r y s t a l l i z a t i o n from to luene and melted a t 
208-209°; i r (KBr) 3490 (broad 0-H) and 3230 (broad N-H) c m - 1 ; nmr 
(DMSO-dJ 8 12.97 (broad s , I H ) , 7.52-6.61 (m, 20H) and 6.19 ( s , I H ) ; 
o 
mass spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 402 (40) , 385 (100) , and 
325 (40) . 
Anal . C a l c d f o r C 2 g H 2 2 N 2 0 : C , 83.55; H , 5 .51 ; N , 6 .96 . Found: 
C , 83.29; H , 5 .61 ; N , 7.04. 
3 ,5 -Dipheny l -4 -ch lo rod ipheny lme thy lpyrazo le h y d r o c h l o r i d e ( L V I I ) 
A s o l u t i o n o f 8.04 g (0.02 mole) o f the a l c o h o l LVI i n 100 ml o f 
te t rahydrofuran was sa tu ra t ed with dry hydrogen c h l o r i d e , The mixture 
was s t i r r e d 15 min, the so lven t evaporated i n vacuo and the r e s idue 
t r e a t e d with a s o l u t i o n o f 15 ml o f t h i o n y l c h l o r i d e i n 30 ml o f dry ben­
zene. A f t e r hea t i ng at r e f l u x f o r 0.5 hr the mixture was s t i r r e d at room 
temperature fo r 18 h r s . The p r e c i p i t a t e t ha t formed was removed by f i l -
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t r a t i o n , washed with e the r and d r i ed i n vacuo to g i v e 6 g (66%) o f L V I I : 
mp 168-171°. A second crop c r y s t a l l i z e d a f f o r d i n g an a d d i t i o n a l 2 g 
(22%) o f L V I I : mp 168-170°. An a n a l y t i c a l sample obta ined by c r y s t a l l i ­
z a t i o n from t e t r ahydro fu ran -e the r melted at 170-171°; i r (KBr) 3060, 
2400 and 1850 (N-H-HC1) 1478 and 1442 ( O C ) and 687 ( C - C l ) c m " 1 ; mass 
spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 384 (100) and 307 ( 2 7 ) . 
A n a l . C a l c d fo r C 0 0 H 0 1 C 1 N 0 - H C 1 : C , 73.52; H , 4 .85 ; N , 6 .13 . 
——— Zo Zl Z 
Found: C , 73.50; H, 4 .97; N , 6 .20 . 
3 , 5 - D i p h e n y l - 4 - b e n z h y d r y l i d e n e - 4 H - p y r a z o l e ( X V I I I ) 
A coo led s o l u t i o n (-78°) o f 6 g (0.013 mole) o f the c h l o r o com­
pound L V I I i n 200 ml o f anhydrous te t rahydrofuran was t r e a t e d with 2.6 g 
(0.026 mole) o f t r i e t h y l a m i n e . The mixture was s t i r r e d fo r 10 min a f t e r 
the a d d i t i o n was complete , then d i l u t e d with i s o - o c t a n e and the s o l i d 
which formed was removed by f i l t r a t i o n to y i e l d 3.6 g (100%) o f t r i ­
e thylamine h y d r o c h l o r i d e . The r e s u l t i n g red s o l u t i o n was concen t ra ted 
i n vacuo u n t i l red n e e d l e - l i k e c r y s t a l s began to s e p a r a t e . The c r y s t a l s 
were removed by f i l t r a t i o n t o g i v e 4 ,7 g (94%) o f L V I I I : mp 155-156°; 
THF 
max 3 8 2
 n m ; i r
 (CHCV 1 5 4 0 ( C 5 C ) > 1 4 6 8 ( C s i C ) > 1 4 4 8 ( C = C ) , 1120 and 
700 c m " 1 ; nmr (CDC1 3 ) 5 7.55-6.81 (m, 20H); mass spectrum (70 eV) m/e_ 
( r e l a t i v e i n t e n s i t y ) 386 (34) , 385 (100) , 384 (49) and 307 (26 ) . 
A n a l . C a l c d fo r C 0 0 H 0 _ N * C , 87.47; H , 5 .24; N , 7 .29 . Found: 
———— Zo ZU Z 
C , 87,26; H, 5 .10; N , 7 .13 . 
o 
3 ,5-Diphenyl -4-methoxydiphenylmethy lpyrazo le (LIX) 
To 10 ml o f anhydrous methanol was added 0.1 g (0.00026 mole) o f 
the fu lvene L V I I I r e s u l t i n g i n an immediate c o l o r d i s c h a r g e . Upon 
s tand ing 1 hr the s o l u t i o n began to depos i t c o l o r l e s s p l a t e s which were 
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removed by f i l t r a t i o n t o g i v e 0.11 g (100%) o f L I X ; mp 105° ( r e s o l i ­
d i f i e s then mel t s 170-172° d e c ) ; i r (CHC1 3 ) 3442 (N-H) , 3190 (broad 0 - H ) , 
and 1078 (C-O-C) c m " 1 ; nmr (CDC1 3 ) 8 7 .47-6.84 (m, 20H), 3.39 ( s , 3H) 
and 3.20 ( s , 3H); upon r e c r y s t a l l i z a t i o n from to luene -hexane ; i r (CHC1 3 ) 
no 0-H at 3190 cm ; nmr showed no s i g n a l ( s i n g l e t ) at 3.39 ppm; mass 
spectrum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 416 (25 ) , 385 (100) and 339 
(15) . 
Anal . C a l c d fo r C 2 g H 2 4 N 2 0 : C , 83 .62; N , 5 .81 ; N , 6 .73 . Found: 
C , 83.60; H , 5 .76; N , 6 .59 . 
3 ,5 -Diphenyl -4-aminodiphenylmethylpyrazo le (LX) 
A c h i l l e d s o l u t i o n (5°) o f 0.1 g (0.00026 mole) o f the azafu lvene 
L V I I I i n 10 ml o f anhydrous te t rahydrofuran was sa tu ra t ed with ammonia. 
The r e s u l t i n g c o l o r l e s s s o l u t i o n was evaporated in_ vacuo and the r e s idue 
obta ined r e c r y s t a l l i z e d from ether-hexane t o g i v e 0.097 g (93%) o f LX: 
mp 180-182°; i r (CHC1 ) 3442 (NH 2) and 3190 (broad N - H ) ; nmr (CDCl ) 
§ 7 . 3 2 ( s , 2H), 7.21 ( s , I H ) , and 7.18-6.84 (m, 20H); mass spectrum 
(70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 401 ( 5 ) , 387 (100) , 386 (100) , 220 (31) 
and 181 (25) . 
A n a l . C a l c d fo r C 2 8 H 2 3 N 3 : C , 83.76; N , 5 .77; N , 10.47. Found: 
C , 83 .55; N., 5 .53 ; N , 10.68, 
3,4 a,a ^Te t raphenylpyrazp le -5-methano l (LXI) 
To a s o l u t i o n o f p h e n y l l i t h i u m (0.35 mole) prepared by the a d d i ­
t i o n o f 55 g (0.35 mole) o f bromobenzene to 4.9 g (0.7 mole) o f l i t h i u m 
ribbon ( con t a in ing 1% of sodium metal) in 500 ml o f e the r was added 
27.8 g (0.1 mole) o f s o l i d methyl 3 , 4 - d i p h e n y l p y r a z o l e - 5 - c a r b o x y l a t e . 
A f t e r the i n i t i a l exothermic r e a c t i o n was complete , the mixture was r e -
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f l u x e d 3 h r s , then s t i r r e d fo r 18 hrs at room temperature . The r e a c t i o n 
mixture was decomposed by the a d d i t i o n o f 100 ml o f s a tu ra t ed aqueous 
ammonium c h l o r i d e s o l u t i o n and the e the r l a y e r a f t e r d ry ing (MgSO^) was 
evaporated i n vacuo t o g i v e 39 g (97%) o f L X I : mp 150-151°; i r (KBr) 
3558 ( 0 - H ) , 3448 (N-H) , 1492 ( O C ) , 1450 ( O C ) and 700 c m " 1 ; nmr (CDC1 3 ) 
5 7.46-7.01 (m, 20H); mass spectrum (70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 
402 (31) , 384 (100) , 325 (23) and 280 (18) . 
A n a l . C a l c d fo r C_ o H__N_0: C , 83 ,55; N , 5 .51 ; N , 6 .96 . Found: 
•"'— Zo ZZ Z 
C , 83.47; H , 5 .53; N , 6 .93 . 
3 , 4 - D i p h e n y l - 5 - c h l o r o d i p h e n y l m e t h y l p y r a z o l e ( L X I I ) 
A suspension o f 12 g (0.03 mole) o f the a l c o h o l LXI in 300 ml o f 
anhydrous e the r was sa tu ra t ed with dry hydrogen c h l o r i d e . During the 
a d d i t i o n there was complete s o l u t i o n fo l lowed by the formation o f a 
heavy p r e c i p i t a t e . The mixture was s t i r r e d fo r 30 min, the s o l v e n t evap­
ora ted i n vacuo and the res idue t r e a t e d with a s o l u t i o n o f 15 ml o f 
t h i o n y l c h l o r i d e i n 30 ml o f dry benzene. A f t e r h e a t i n g at r e f l u x f o r 
0.5 h r the r e s u l t i n g s o l u t i o n was s t i r r e d a t room temperature 18 h r s . 
Upon d i l u t i n g with e the r (200 m l ) , a p r e c i p i t a t e formed which was r e ­
moved by f i l t r a t i o n and dr ied i n vacuo t o g i v e 13,4 g (98%) o f L X I I : mp 
131-133°. Two r e c r y s t a l l i z a t i o n s from t e t r ahydro fu ran -e the r a f forded 
the a n a l y t i c a l o f L X I I which had: mp 134-136°; i r (KBr) 3058 and 2400 
( N H + ) , 1573 ( O C ) , 1478 ( O C ) , 1442, and 683 ( C - C l ) c m " 1 ; mass spectrum 
(70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 384 (100). 
A n a l . C a l c d fo r C
 0 H._C1N 'HC1: C , 73 ,52; H , 4 , 8 5 ; N , 6 .13 . 
Zo ZL Z 
Found: C , 73,64; H , 5 .02 ; N , 5 .97, 
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3 , 4 - D i p h e n y l - 5 - b e n z h y d r y l i d e n e - 5 H - p y r a z o l e ( L X I I I ) 
To a c h i l l e d s o l u t i o n (5°) o f 4,57 g (0.01 mole) o f the c h l o r o 
compound L X I I i n 250 ml o f anhydrous te t rahydrofuran was added 2,02 g 
(0,02 mole) o f t r i e t h y l a m i n e , ' An in t ense red s o l u t i o n formed during the 
a d d i t i o n o f the second equ iva l en t o f t r i e t h y l a m i n e . The r e a c t i o n mix­
ture was s t i r r e d 5 min a t 5 ° , then warmed t o room temperature and the 
so lven t evaporated i n vacuo. The r e s u l t i n g r e s idue was d i s s o l v e d i n ben­
zene and f i l t e r e d through C e l i t e under a dry n i t r o g e n atmosphere to 
remove the t r i e t h y l a m i n e h y d r o c h l o r i d e , The f i l t r a t e was concen t ra ted 
i n vacuo d i l u t i n g with n-hexane. Red n e e d l e - l i k e c r y s t a l s formed which 
were removed by f i l t r a t i o n and d r i ed i n vacuo to g i v e 3,6 g (94%) o f L X I I I . 
Upon m e l t i n g , the c r y s t a l s turned t o a white s o l i d at 120-130° which then 
melted 179-181° (an i r o f the white s o l i d showed i t t o be i d e n t i c a l t o 
THF 
L X I V ) . L X I I had: A ^ 393 nm; i r (CHC1 3 ) 1543, 1463 and 1452 ( C « C ) , 
1134 and 698 c m " 1 ; nmr (CDC1 3 ) 5 7,74-6.91 (m, 20H), mass spectrum 
(70 eV) m/e ( r e l a t i v e i n t e n s i t y ) 385 (100) , 384 (73) and 307 (34) . 
A n a l . C a l c d f o r C 2 8 H 2 0 N 2 : C , 87,47; H , 5 .24; N , 7 .29 . Found: 
C , 87 .42; H , 5 .22 ; N , 7.44. 
1 , 2 , 5 , 5 , 6 , 7 , 1 0 , 1 0 - O c t a p h e n y l - 5 H , l O H - d i p y r a z o l o [ 1 , 2 - a : 1 ' , 2 ' - d j p y r a z i n e 
(LXIV) 
A s o l u t i o n o f 1.12 g (.00024 mole) o f the c h l o r o compound L X I I i n 
100 ml o f dry te t rahydrofuran was cooled t o 5° and t r e a t e d with 0.495 g 
(0.0048 mole) o f t r i e t h y l a m i n e . The mixture was s t i r r e d a t room temp­
era tu re fo r an a d d i t i o n a l 18 h r s . during which time the i n t e n s e red c o l o r 
faded. The t r i e t h y l a m i n e hydroch lo r ide was removed by f i l t r a t i o n 
(0.638 g 96%). The f i l t r a t e was concent ra ted i n vacuo and the res idue 
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chromatographed over 30 g o f F l o r i s i l . E l u t i o n with benzene a f forded 
0.741 g (75%) o f LX-IV: mp 179-181°; i r (CHC1 3> 1623 (C«N) , 1605 (C=C) , 
1475 ( O C ) , and 700 c m - 1 ; nmr (CDC1 3 ) 5 7 ,64-6.68 (m, 40H) , mass spec­
trum (70 eV) m/e_ ( r e l a t i v e i n t e n s i t y ) 768 (100) and 384 (27) . 
A n a l . C a l c d fo r C 5 6 H 4 0 N 2 : c > 87.47; H, 5 .24; N , 7 .29. Found: 
C , 87.24; H, 5 .37; N , 7,14. 
P h o t o l y s i s o f L X I I I 
To a c h i l l e d s o l u t i o n (5°) o f 2.29 g (0.0005 mole) o f L X I I i n 
150 ml o f dry te t rahydrofuran was added 1.01 g (0.01 mole) o f t r i e t h y l ­
amine. The red s o l u t i o n was d i l u t e d with 150 ml o f c o l d t e t rahydrofuran 
and photo lyzed 6 hrs at 5° us ing a 450-W Hanovia h igh -p re s su re mercury 
d i scha rge lamp in a Pyrex probe. T i c i n d i c a t e d no r e a c t i o n and the red 
c o l o r s t i l l p e r s i s t e d . 
P h o t o l y s i s o f L X I I I 
To a c h i l l e d s o l u t i o n (5°) o f 4.57 g (0.01 mole) o f the ch lo ro 
compound L X I I in 300 ml o f dry te t rahydrofuran-benzene (1:1 v : v ) was 
added 2.02 g (0.02 mole) o f t r i e t h y l a m i n e . The r e a c t i o n mixture was s t i r ­
red 5 min and f i l t e r e d through C e l i t e under a dry n i t r o g e n atmosphere 
t o remove t r i e t h y l a m i n e hydroch lo r ide (2.32 g 84%), The c l e a r red s o l u ­
t i o n was pho to lyzed at 5° us ing a quar tz probe and a 450-W Hanovia h i g h -
pressure mercury d i s cha rge lamp. The c o l o r o f the s o l u t i o n was d i s ­
charged without n o t i c e a b l e gas e v o l u t i o n during 20 min a f t e r which the 
so lven t was evaporated in vacuo to g i v e 3.11 g (81%) o f LXIV (mp 179-
1 8 1 ° ) . ( 1 5 ) 
a , a -Diphenvl - lH-phenanthro [9 ,10-c ]pyrazo le -3 -methano l fLXV) 
To a s t i r r e d s o l u t i o n o f 52.5 ml o f p h e n y l l i t h i u m (2 .3 M) in 
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7 0 : 3 0 b e n z e n e - e t h e r ) i n 100 m l o f a n h y d r o u s e t h e r w a s a d d e d 11 g ( 0 . 0 4 
( 3 1 ) 
m o l e ) o f s o l i d m e t h y l 3 , 4 - d i p h e n y l e n e - p y r a z o l e - 5 - c a r b o x y l a t e , A f t e r 
t h e a d d i t i o n was c o m p l e t e , t h e m i x t u r e was r e f l u x e d 6 h r s , s t i r r e d a t 
r o o m t e m p e r a t u r e f o r 18 h r s a n d d e c o m p o s e d u s i n g 5% h y d r o c h l o r i c a c i d 
( 1 2 5 m l ) . T h e o r g a n i c l a y e r was w a s h e d w i t h w a t e r , d r i e d ( M g S O ^ ) , f i l ­
t e r e d a n d t h e s o l v e n t e v a p o r a t e d i n v a c u o t o g i v e 14 g (87%) o f L X V : 
mp 1 6 8 - 1 7 1 ° . Two r e c r y s t a l l i z a t i o n s f r o m b e n z e n e a f f o r d e d a n a n a l y t i ­
c a l s a m p l e o f L X V : mp 1 7 2 - 1 7 3 ° ; i r ( K B r ) 3 4 1 0 ( 0 - H ) , a n d 3 1 6 0 ( N - H ) ; 
n m r ( D M S 0 - d 6 ) 8 1 0 , 0 1 - 6 . 8 1 ( m , 1 8 H ) ; mass s p e c t r u m ( 7 0 eV) m/e_ ( r e l a ­
t i v e i n t e n s i t y ) 4 0 0 ( 2 7 ) a n d 382 ( 1 0 0 ) . 
A n a l . C a l c d f o r C^H^N^: C , 8 3 . 9 7 ; H , 5 . 0 3 ; N , 7 . 0 0 . F o u n d : 
C , 8 3 , 7 8 ; H , 5 . 0 9 ; N , 6 . 9 0 . 
3 - C h l o r o d i p h e n y l m e t h y l - l H - p h e n a n t h r o [ 9 , l O - c J p y r a z o l e ( L X V I ) 
T o a s t i r r e d s o l u t i o n o f 20 m l o f t h i o n y l c h l o r i d e i n 4 0 m l o f 
b e n z e n e was a d d e d 12 g ( 0 . 0 3 m o l e ) o f t h e s o l i d a l c o h o l L X V . T h e m i x ­
t u r e was s t i r r e d 18 h r s a t r o o m t e m p e r a t u r e , t h e n r e f l u x e d 4 h r s . T h e 
p r e c i p i t a t e w h i c h f o r m e d was r e m o v e d b y f i l t r a t i o n , w a s h e d w i t h a n h y ­
d r o u s e t h e r a n d d r i e d i n v a c u o t o g i v e 12 g (88%) o f L X V I : mp 2 4 8 - 2 5 1 ° . 
Two r e c r y s t a l l i z a t i o n s f r o m t e t r a h y d r o f u r a n - e t h e r a f f o r d e d a p u r e s a m p l e 
o f L X V I : mp 2 5 0 - 2 5 2 . ° An a n a l y t i c a l l y p u r e s a m p l e c o u l d n o t b e p r e ­
p a r e d as L X V I was v e r y m o i s t u r e s e n s i t i v e a n d c o u l d n o t b e s e p a r a t e d 
f r o m i t s h y d r o l y s i s p r o d u c t , t h e a l c o h o l L X V . I r ( K B r ) 3 2 5 0 a n d 2 5 0 0 
+ - 1 
(NH ) a n d 790 ( C - C l ) cm ; mass s p e c t r u m ( 7 0 e V ) m/e_ ( r e l a t i v e i n t e n ­
s i t y ) 382 ( 1 0 0 ) a n d 305 ( 1 5 ) . 
P h o t o l y s i s o f 3 - B e n z h y d r y l i d e n e - 3 H - p h e n a n t h r o [ 9 , 1 0 - c ] p y r a z o l e ( L X V I I ) 
T o a s o l u t i o n o f 2 . 2 8 g ( 0 . 0 0 5 m o l e ) o f t h e c h l o r o c o m p o u n d L X V I 
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i n 400 ml o f dry te t rahydrofuran-benzene (1:1 v : v ) at -78° was added 
1.01 g (0.01 mole) o f t r i e t h y l a m i n e . The l i g h t orange s o l u t i o n was 
photo lyzed at t h i s temperature f o r 20 min us ing a Pyrex probe and a 
Hanovia 450-W h igh -p re s su re mercury lamp with no n o t i c e a b l e gas e v o l u t i o n . 
The r e s u l t i n g c o l o r l e s s s o l u t i o n was f i l t e r e d through C e l i t e t o remove 
1.27 g (92%) o f t r i e t h y l a m i n e h y d r o c h l o r i d e . The f i l t r a t e was concen­
t r a t e d i n vacuo and d i l u t e d with benzene. Upon s t and ing 24 hrs the s o l u ­
t i o n depos i ted 1.8 g (95%) o f LXV (mp 1 7 2 - 1 7 3 ° ) . ^ ' 
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CHAPTER I I I 
D ISCUSSION OF RESULTS 
T h e p u r p o s e o f t h i s r e s e a r c h , as s t a t e d i n t h e i n t r o d u c t i o n , was 
t o p r e p a r e a s e r i e s o f d i - a n d t r i a z a f u l v e n e s w h i c h w o u l d p h o t o c h e m i c a l l y 
e x t r u d e n i t r o g e n t o p o s s i b l y p r o v i d e t r i a f u l v e n e s a n d a z a t r i a f u l v e n e s 
r e s p e c t i v e l y . T h e a z a f u l v e n e s w e r e p r e p a r e d b y d e h y d r o h a l o g e n a t i n g t h e 
c o r r e s p o n d i n g c h l o r o d i p h e n y l m e t h y l a z o l e s . T h e c h l o r o c o m p o u n d s w e r e 
s y n t h e s i z e d b y t h e r e a c t i o n o f t h e d i p h e n y l c a r b i n o l s w i t h t h i o n y l c h l o ­
r i d e i n b e n z e n e a t a m b i e n t t e m p e r a t u r e s . C h a r t I o u t l i n e s t h e t h r e e 
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T h e 1 , 2 , 3 - t r i a z o l e e s t e r s L X X X I I a , L X X X I I b a n d L X X X I I c ( S c h e m e I ) 
w e r e p r e p a r e d b y t h e c y c l o a d d i t i o n o f t h e c o r r e s p o n d i n g p r o p i o l a t e e s ­
t e r s t o a n a z i d e i o n i n d i m e t h y l f o r m a m i d e f o l l o w e d b y a c i d i f i c a t i o n , 
0 l .NaN 5 /DMF \ „ 
R-CS.C-C-OCH- • ) | L X X X I I a R*H 
2 . H + ^ N ^ b R=Ph 
CH 3 0 2 C 1 c R = £ - C 1 C 6 H 5 
RsH, Ph, £ - C l C 6 H 5 H 
T h e 1 , 2 , 4 - t r i a z o l e e s t e r L X X X I I I was s y n t h e s i z e d b y d i a z o t i a t i o n 
f o l l o w e d b y r e d u c t i o n o f t h e c o r r e s p o n d i n g a m i n o a c i d w h i c h was p r e -
( 2 7 ) 
p a r e d b y t h e m e t h o d o f C i p e n s a n d G r i n s h t e i n . 
NH 
X T . 2 J J 




T h e s y n t h e s i s o f t h e c a r b i n o l s X X X I V a n d L I I I a r e o u t l i n e d i n 
Schemes I I a n d I I I . 
T h e p h y s i c a l a n d s p e c t r a l p r o p e r t i e s o f t h e d i p h e n y l c a r b i n o l s 
a n d t h e c h l o r o h y d r o c h l o r i d e s d e r i v e d b y t r e a t m e n t w i t h t h i o n y l c h l o r i d e 
a r e s u m m a r i z e d i n T a b l e I . 
T h e d e h y d r o h a l o g e n a t i o n was a c c o m p l i s h e d b y t r e a t i n g t e t r a h y d r o ­
f u r a n s o l u t i o n s o f t h e c h l o r o h y d r o c h l o r i d e s p r e v i o u s l y d e s c r i b e d w i t h 
t r i e t h y l a m i n e a t - 7 8 ° . T h e t r i a z a f u l v e n e s X X V I I I , X L I X , X X V , L I I , a n d 
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Table 1. P h y s i c a l and S p e c t r a l P rope r t i e s o f the T r i a z o l e D i p h e n y l -
c a r b i n o l s and t h e i r Ch lo ro H y d r o c h l o r i d e s . 
Compound mp Cha r a c t e r i s t i c i n f r a r e d absorbances 
D i p h e n y l c a r b i n o l s : 
XXIV 159-160° KBr - 3320 (0 -H) , 3190 (N-H) c m - 1 
X X I I I 220-221° KBr - Broad 0-H and N-H 3300 c m - 1 
XLVII 185-186° KBr - i ^ 3277 ( 0 - H ) , 3178 (N-H) c m - 1 
XL 174-175° CHC1 3 - 3420 ( 0 - H ) , 3170 (N-H) c m - 1 
X X X I I I 232-233° KBr - 3263 ( 0 - H ) , 3143 (N-H) c m - 1 
L I I I 219-220° KBr - broad 0-H and N-H 3210 c m - 1 
L 222-223° KBr - 3380 (0 -H) , 3150 (N-H) c m - 1 
C h l o r o h y d r o c h l o r i d e s : 
XXV 229-230° KBr -
XXXIV 175-177° KBr -
XLI 250-252° KBr -
X L V I I I 136-140° KBr -




3270, 2340 and 1852 (N-H) , 759 ( C - C l ) 
3300, 2380 and 1840 (N-H) , 780 ( C - C l ) 
3310, 2520 and 1830 (N-H) , 750 ( C - C l ) 
+ 
3310, 2560 and 1845 (N-H) , 750 ( C - C l ) 
+ 
3300, 2460 and 1890 (N-H) , 760 ( C - C l ) 
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LIV were uns tab le at room temperature and immediately d imer ized t o the 
( 3 32) 
pho tochemica l ly i n e r t 5 H , 1 0 H - d i t r i a z o l o ( l , 2 - a : 1 1 , 2 1 - d ) p y r a z i n e s ' 
XXX, L X V I I I , X X X V I I I , LXIX and LV. Ph Ph 
Ph Ph 
X X V I I I R-Ph XXX R=Ph 
XL 11 R=£-C1C H L X V I I I R=H 
XLIX R=H 6 5 
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The pyraz ines were i s o l a t e d i n a l l cases except L X V I I I and LXIX (R*H) 
which hydrolyzed spontaneously on exposure to mois ture to the d i p h e n y l -
c a r b i n o l s X L V I I and L , The pyraz ines XXX and X X X V I I I (R*Ph) could a l s o 
be hydro lyzed t o the corresponding c a r b i n o l s by hea t ing with h y d r o c h l o r i c 
a c i d in e thanol and water and t h i s i s o f f e r ed as a p a r t i a l s t r u c t u r e 
p roof . The fu lvenes X X V I I I and XXXVI were fu r the r c h a r a c t e r i z e d by 
t h e i r r e a c t i o n with methanol t o g i v e the e thers XXVII and XXXV and wi th 
p i p e r i d i n e t o g i v e the adduct X X V I . 
Ph 
P h ^ 
CH„0 I \ 
Ph H 
XXVI XXVII XXXV 
Benzene- te t rahydrofuran s o l u t i o n s (1:1 v : v 0,025 M) o f X X V I I I 
( X T H F 463 nm), XXXVI ( A T H F 442 nm) and X L I I ( A T H F 454 nm) were 
^ max J ' max max 
s t a b l e a t -78° f o r per iods > 8 h r s . I r r a d i a t i o n o f the p r e v i o u s l y de­
sc r ibed s o l u t i o n s o f X X V I I I and XXXVI a f fo rded a mixture o f products from 
which d i p h e n y l a c e t y l e n e , ^ 1 5 ^ b e n z o n i t r i l e , ^ " 1 5 ^ 2 , 3 - d i p h e n y l q u i n o l i n e ( L X X ) , 
t r i p h e n y l a c r y l o n i t r i l e ( L X X ] j l and a ye l low c r y s t a l l i n e dimer o f c o n s t i t u ­
t i o n ( c 2 i H i 5 N ^ 2 ( X X I X ) w e r e i s o l a t e d , 1 ,3 -Dipheny l -5 -d ipheny lmethy l -
1 , 2 , 4 - t r i a z o l e was a l s o i s o l a t e d as one o f the photoproducts from 
XXXVI (Chart I I I and Tab le I I ) . 
2 ,3 -Dipheny lqu ino l ine (LXX) was prepared by d e c a r b o x y l a t i o n o f 
2 , 3 - d i p h e n y I c i n c h o n i n i c a c i d which was prepared by the method o f 
n r - * • (17) 
P f i t z i n g e * . 
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• 3 0 0 ' 
-CO. 
T r i p h e n y l a c r y l o n i t r i l e ( L X X I ) was p r e p a r e d b y t h e a l d o l c o n d e n s a ­
t i o n o f p h e n y l a c e t o n i t r i l e w i t h b e n z o p h e n o n e , 
PhCH 2 CN 
NaNH, 











> L X X I 
An u n e q u i v o c a l s y n t h e s i s o f X X X V I I w a s c a r r i e d o u t u s i n g t h e 
( 1 9 ) 
m e t h o d o f H u i s g e n e t . a l_ . • ' w h i c h i n v o l v e d t h e a d d i t i o n o f t h e n i t r i l e 
y l i d ( L X X X I V ) t o d i p h e n y l a c e t o n i t r i l e . T h e y l i d was p r e p a r e d b y d e h y d r o -
h a l o g e n a t i n g b e n z o y l c h l o r i d e p h e n y l h y d r o a z o n e w i t h t r i e t h y l a m i n e . 
PhCNH-NHPh 
P C 1 5 C I 
> C = N - N - Ph 
/ 
e t h e r 
Ph 
E t 3 N 
Ph 
\ j e K 
^ c © e N 
Pli 
Ph 
* C ^ ^ T h 
II 
t o l u e n e 
100 X X X V I I 
Ph 
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The h e x a p h e n y l - 1 , 5 - d i a z o c i n e s t r u c t u r e XXIX has been a s s igned t o 
the dimer pending a complete X- r ay c r y s t a l l o g r a p h i c a n a l y s i s on the d i -
ch lo ro analog ( X L I I I ) produced by the i r r a d i a t i o n o f X L I I , Th i s s t r u c ­
t u r a l assignment i s based i n par t on the obse rva t ion t ha t the rmolys i s o f 
XXIX at 300° g i v e s only b e n z o n i t r i l e and pen tapheny lpyr id ine , S t r u c ­
t u r a l symmetry can be i n f e r r e d from the mass spectrum (70 eV) which d i s ­
p layed major ions at m/e 562 ( C 4 2 H 3 0 N 2 + ) > 2 8 1 ( C 2 1 H 1 5 N ^ ^ ^ 
( e 2 i H i 5 N + _ C 6 H 5 ^ • 0 t n e r s p e c t r a l da ta obta ined on XXIX i nc ludes i r ( C H C l ^ 
1618 ( O N ) , 1598 ( O C ) , and 1577 ( O C ) ; nmr (CDC1 3 ) 8 8,08-6.57 (m, 
30H); ^ E t 0 H 258 nm ( ( 42 ,150) , ^ E t 0 H ' H C l
 2 6 3 nm ( f 36,998) and the 
THELX n\3.x 
formation o f a c a t i o n i n con s u l f u r i c a c i d wi th A 618 nm, 
max 
Chart V. Thermal Products o f X X I X , 
The mechanism fo r the formation o f XXXVII can be exp la ined by the 
c i s - a d d i t i o n o f a p h o t o - e x c i t e d benzene molecule to the fulvene(XXXV) i n 
a
 n 2 s + rr^s c v c l ° a d d i t i o n r e a c t i o n to g i v e L X X I I . Subsequent bond 
r e o r g a n i z a t i o n fo l lowed by a s u i t a b l e hydrogen s h i f t g i v e s the product 
X X X V I I . 
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If 
2 + 6 
n S 7T s 
PK Ph 
XXXV 
L X X I I 
Ph^ l-'^Ph 




Chart I V . Mechanism for the Formation o f 1 ,3-Dipheny1-5-diphenyl -
m e t h y l - 1 , 2 , 4 - t r i a z o l e . 
An a l t e r n a t i v e mechanism i n v o l v e s the formation o f benzvalene 
which adds t o the fu lvene i n a 6 + 2 c y c l o a d d i t i o n r e a c t i o n to 
TT S TT S 
g i v e LXXIX fo l lowed by bond r e o r g a n i z a t i o n to a l s o g i v e X X X V I I . 
Ph 
Ph Ph 




Chart I V . Mechanism fo r the Formation o f 1 ,3 -Dipheny l -5 -d ipheny l -
m e t h y l - l , 2 , 4 - t r i a z o l e . 
The s y n t h e s i s and i r r a d i a t i o n o f X L I I was undertaken to produce 
an analog o f XXIX which would con t a in a heavy atom s u i t a b l e fo r X- ray 
c r y s t a l l o g r a p h i c a n a l y s i s . In a d d i t i o n to the format ion of the de s i r ed 
dimer o f C 2 1 H 1 4 C 1 N ( X L I I I ) , the i s o l a t i o n o f p_ -ch lo robenzon i t r i l e , d i ­
phenyl a c e t y l e n e , 1 - ( p - c h l o r o p h e n y l ) - 2 , 2 - d i p h e n y l a c r y l o n i t r i l e ( L X X I I I ) 
and 2 - (p - ch lo ropheny l ) -3 -pheny lqu ino l i ne (XLV) (Chart I I I and Table I I ) 
a f fo rded a d d i t i o n a l in format ion concerning the probable mechanism o f 
the r e a c t i o n . 
1 0 ( p - c h l o r o p h e n y l ) - 2 , 2 - d i p h e n y l a c r y l o n i t r i l e ( I i X X I I I ) was pre­
pared by the A l d o l condensat ion o f p - c h l o r o p h e n y l a c e t o n i t r i l e with ben-
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2 - ( p - c h l o r o p h e n y l ) - 3 - p h e n y l q u i n o l i n e (XLV) was prepared by deca r ­
b o x y l a t i o n of the he re to fo re unknown 2 - ( £ - c h l o r o p h e n y l ) - 3 - p h e n y l c i n c h o n i c 
a c i d XLIV which was in turn prepared by the genera l method o f P f i t z i n g e r . 
(24) 
I s a t i n (LXXXV) was condensed with 4-chloro-a -phenylacetophenone 
LXXXVI in a l c o h o l i c sodium hydroxide fo l lowed by a c i d i f i c a t i o n . 
( 
LXXXVI LXXXV XLIV 
320' 
XLV 
I t would be d i f f i c u l t t o r a t i o n a l i z e the formation o f some of the 
same products from two s t r u c t u r a l l y d ive r se fu lvenes ( X X V I I I and XXXV) 
without invoking s e v e r a l common i n t e r m e d i a t e s . The appearance o f d i -
p h e n y l a c e t y l e n e , b e n z o n i t r i l e and j s - c h l o r o b e n z o n i t r i l e i s r ead ly ex ­
p l a i n e d by the c l eavage o f the in te rmedia te d i r a d i c a l s LXXIVa, LXXIVb 
and LXXV wi th the rearrangement o f the 1 ,1 -d iphenyle thy lene carbene to 
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d i p h e n y l a c e t y l e n e . 
The genes i s o f t r i p h e n y l a c r y l o n i t r i l e (LXXI) and l - ( £ - c h l o r o -
p h e n y l ) - 2 , 2 - d i p h e n y l a c r y l o n i t r i l e ( L X X I I I ) can be exp l a ined by a s imple 
rearrangement (1 ,2 phenyl s h i f t ) o f the d i r a d i c a l s LXXIVa and LXXIVb 
r e s p e c t i v e l y . However, the formation o f LXXI from the d i r a d i c a l LXXV 
cannot r e a d i l y be exp l a ined without the i n t e r v e n t i o n o f t r i p h e n y l t r i -
azafu lvene LXXVIa . Chart I I o u t l i n e s the i n t e r c o n v e r s i o n s o f the d i r a d i ­
c a l s and o f f e r s a p l a u s i b l e mechanism f o r the format ion o f the s u b s t i ­
t u t ed a c r y l o n i t r i l e s . 
X X V I I I 
R=Ph 
X L I I 
R , £ - C 1 C 6 H 5 
LXXIVa R-Ph 
LXXIVb" R=p-C1C,H, 
= £ - L l L 6 H 5 
R - C S N + P h - C S C-Ph 
R«Ph 
R*p_-C1C 6H 5 
Ph. ^Ph 
\ / LXXI R=Ph 
\ ( LXXI I R=p_-C1C 6H 5 






b - R a p _ - C l C 6 H 5 
XXXVI 
Ph CN 
Chart I I . I n t e r conve r s ion o f D i r a d i c a l s from the P h o t o l y s i s o f 1 ,2 ,3-
and 1 , 2 , 4 - T r i a z a f u l v e n e s . 
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Chart I I I P h o t o l y s i s Products from 1 ,2 ,3- and 1 , 2 , 4 - t r i a z a f u l v e n e s 
and T r i p h e n y l - v - t r i a z i n e , 
R«Ph X X V I I I 
R - p - C l C , H p XLI I 
PhCN + 
p - C l C , H c C N + P h - C ~ C - P h + 
D O 
R=Ph LXXI 
R=£-C1C H L X X I I I P 
R«Ph LXX 
R » £ - C 1 C 6 H 5 XLV 
C 4 2 H 3 Q N 2 XXIX + C 4 2 H 2 g C l 2 N 2 X L I I I 
Tab le 2 . Percent Y i e l d o f Photoproducts 
Compd. PhCN p - C l C ^ C N P h - C = C - P h 70 45 71 73 37 29 43 
X X V I I I 
XXXVI 
X L I I 

















The formation o f the dimers (XXIX and X L I I ) and the s u b s t i t u t e d 
q u i n o l i n e s (LXX and XLV) as photoproducts probably represen ts a fu r the r 





LXXVII L X X V I I I 
Both spec i e s can be formed from LXXIV or LXXV by phenyl migra ­
t i o n and c l o s u r e . 
The hypothes i s tha t X X I X , X L I I I , LXX and XLV are der ived from 
e i t h e r LXVII or LXXX e x c l u s i v e l y i s supported by a reexaminat ion o f 
(125) 
the photochemist ry o f t r i p h e n y l - v - t r i a z i n e L X X V I I I . I r r a d i a t i o n 
o f LXXVII in benzene- te t rahydrofuran s o l u t i o n (1:1 v : v 0.0025 M) at 
30° f o r 5 hrs gave i n a d d i t i o n t o the p r e v i o u s l y repor ted b e n z o n i t r i l e 
and d i p h e n y l a c e t y l e n e , both XXIX and LXX (Chart I I I and Table I I ) . The 
n 2 s + 4 g d i m e r i z a t i o n o f LXXVII fo l lowed by e l e c t r o c y c l i c opening 
would g i v e X X I X . 
Ph>^ Ph Ph, 







Chart V I I . Mechanism f o r the Formation o f X X I X . 
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The mechan i s t i c process fo r the convers ion o f LXXVII to LXX can 
be compared to an analogous sequence for the t r ans format ion o f t e t r a -
(32) 
phenyleye lobutad ine t o 1 ,2 ,3 - t r i pheny lnaph tha l ene , A
 ff4 + n 2 
i n t r a m o l e c u l a r c y c l i z a t i o n o f LXXVII t o LXXIX fo l lowed by s u i t a b l e hydro­
gen s h i f t and bond r e o r g a n i z a t i o n leads to the formation o f LXX. 
A second mechan i s t i c c o n s i d e r a t i o n i n v o l v e s the c y c l i z a t i o n o f 
LXXXVII t o the in te rmedia te LXXXI which then undergoes a rearrangement 
t o g i v e LXX. 
Chart V I I I . Mechanisms fo r the Formation o f the S u b s t i t u t e d 
Q u i n o l i n e s . 
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I t i s i n t e r e s t i n g t o note tha t the only q i n o l i n e i s o l a t e d from 
the i r r a d i a t i o n o f X L I I i s XLV. There i s no ev idence to i n d i c a t e the 
presence o f 2 , 3 - d i p h e n y l - 6 - c h l o r o q u i n o l i n e which would a r i s e i f the 
n 2 + n 4 c y c l i z a t i o n tha t takes p l a c e i nvo lved the £ -ch lo ropheny l 
group. From t h i s obse rva t ion i t can be impl ied tha t the i s o m e r i z a t i o n 
o f LXXVII to LXXXX i s not o c c u r r i n g . 
LXXVII LXXXX 
RcPh or p - C l C „ H r 
Since one o f the p o s t u l a t e d in te rmedia tes o f the pho to reac t i ons 
was the t r i p h e n y l t r i a z a f u l v e n e L X X V I , the f l u o r e n o l L I I I was prepared 
i n the hope tha t resonance s t a b i l i z a t i o n by the f luo rene r i ng would 
lead to the i s o l a t i o n o f L X X X I . 
LXXX 
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However, the r e a c t i o n o f L I I I with t h i o n y l c h l o r i d e i n order to 
prepare the ch lo ro precursor l ed t o the i s o l a t i o n o f a c h l o r i n e f ree 
product me l t i ng >330° whose s t r u c t u r e was e s t a b l i s h e d as the fu lvene 
dimer LXXXI ( C . _ H _ , N . ) . The i r had no absorbance above 1500 c m - 1 and the 
4z Z D o 
nmr showed only aromat ic proton resonances . Th i s coupled with the mass 
spectrum (70 eV) m/e_ 279 ( c 2 i H i 3 N + ) a n d t h e f a c t t h a t a c i d h y d r o l y s i s 
gave only the s t a r t i n g a l c o h o l L I I I s u b s t a n t i a t e s t h i s ass ignment , A 
s i m i l a r d imer i za t i on has been repor ted i n the case o f a,a - d i p h e n y l -
-, , -, (33) t e t r a z o l e - 5 - m e t h a n o l , 
L I I I 
LXXXI 
B a t t i s t e and H i l l v J have repor ted a convenient method f o r p r e ­
par ing a z a p e n t a t r i a f u l v a l e n i u m ions i n h igh y i e l d . S i n c e the c y c l o -
propenyl r i n g i s e l ec t ron -wi thd rawing , i t would provide an e x c e l l e n t 
subs t i t uen t f o r s t a b i l i z i n g an a z a t r i a f u l v e n e L X X X I I . 
LXXXII 
6 1 
T h e i s o m e r i c t r i a z o l e s L X X X I I I a n d L X X X I V w e r e p r e p a r e d b y d e c a r b o x y ­
l a t i o n o f t h e i r c o r r e s p o n d i n g a c i d s . H o w e v e r , w h e n t h e s e t r i a z o l e s w e r e 
d i s s o l v e d w i t h a n e q u i m o l a r a m o u n t o f d i p h e n y l c y c l o p r o p e n o n e i n m e t h y l ­
e n e c h l o r i d e a t 0° a n d t h e m i x t u r e r e a c t e d w i t h a n h y d r o u s h y d r o g e n c h l o ­
r i d e g a s , n o c y c l o p r o p e n y l a d d u c t c o u l d b e i s o l a t e d . S i n c e t h e o r i g i ­
n a l w o r k was c a r r i e d o u t u s i n g i n d o l e a n d s u b s t i t u t e d p y r r o l e s w h i c h 
b o t h h a v e e l e c t r o n r i c h 3 - p o s i t i o n s , i t i s e v i d e n t t h a t t h e i n t r o d u c ­
t i o n o f a d d i t i o n a l n i t r o g e n a t o m s i n t o t h e r i n g d i m i n i s h e s t h e s u s c e p ­
t i b i l i t y t o e l e c t r o p h i l i c a t t a c k b y t h e c y c l o p r o p e n y l c a t i o n . 
Padwa h a s r e c e n t l y s h o w n ^ t h a t a z i r i n e s a r e p h o t o c h e m i c a l l y 
t r a n s f o r m e d i n t o t h e i r c o r r e s p o n d i n g n i t r i l e y l i d s w h i c h c a n b e t r a p p e d 
f r o m t h e r e a c t i o n m i x t u r e w i t h s e v e r a l e l e c t r o n - d e f i c i e n t o l e f i n s . 
S i n c e a z a t r i a f u l v e n e s a r e a n a l o g o u s t o a z i r i n e s , t h e y m i g h t a l s o b e r e ­
a r r a n g e d p h o t o c h e m i c a l l y t o t h e c o r r e s p o n d i n g n i t r i l e y l i d s LXXXV. 
Ph LXXXV 
6 2 
A t t e m p t s t o t r a p LXXXV w i t h a s e r i e s o f r e a g e n t s i n c l u d i n g f u r a n , a c r y l o -
n i t r i l e , m e t h a n o l a n d d i i s o p r o p y l a m i n e w e r e u n s u c c e s s f u l . I n some c a s e s , 
t h e a d d i t i o n o f t h e t r a p p i n g a g e n t s o c h a n g e d t h e p o l a r i t y o f t h e m e d ­
i u m t h a t t h e i n c r e a s e d r a t e o f d i m e r i z a t i o n o f t h e f u l v e n e s was t h e o n l y 
r e a c t i o n o b s e r v e d , 
f 35 36") 
U n s u c c e s s f u l a t t e m p t s ' h a v e b e e n made t o p r e p a r e t h e much 
s o u g h t a f t e r t e t r a p h e n y l t r i a f u l v e n e L X X X V I . 
Ph Ph 
L X X X V I 
Ph Ph 
T h e p r e p a r a t i o n a n d i r r a d i a t i o n o f 1 , 2 - o r 3 , 4 - d i a z a f u l v e n e s a p p e a r e d t o 
o f f e r a f a c i l e e n t r y i n t o t h i s s y s t e m . T h e n e c e s s i t y o f p h e n y l s u b ­
s t i t u t i o n o n t h e a z a f u l v e n e r i n g f o r s t a b i l i z a t i o n h a s b e e n p o i n t e d o u t 
p r e v i o u s l y i n t h e c a s e o f t h e a z a t r i a f u l v e n e s . T h e r e f o r e , t h e t w o i n i ­
t i a l d i a z a f u l v e n e s p r e p a r e d w e r e L V I I I a n d L X I I I w h i c h s y n t h e s i z e d f r o m 
t h e i r e s t e r s b y t h e same s e q u e n c e o f r e a c t i o n s as t h e t r i a z a f u l v e n e s . 
T h e p y r a z o l e e s t e r s L X X X V I I . ^ L X X X V I I I ( 3 1 ^ a n d L X X X I X ( 2 9 ) 
w e r e p r e p a r e d b y a n a c i d c a t a l y z e d r e a r r a n g e m e n t o f t h e c o r r e s p o n d i n g 
6 ^ — N = N 
R 1 
R n R ' s P h 
R + R 1 a f l u d r e n e 
CO-Me 
I 2 
C 0 2 M e 
C H 3 0 2 C 
C H 3 0 2 C 
R. H 2 S ° 4 
CH , 0 . ( / X N / 
3 2 i R 
R« 
| R = R ' o P h 
H R + R ' a b i p h e n y l 
P h L i T 
E t h e r \ 
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Chart X I . Prepara t ion o f Pyrazo le D i s p h e n y l c a r b i n o l s . 
The p h y s i c a l and s p e c t r a l p r o p e r t i e s o f the d i p h e n y l c a r b i n o l s and 
the ch lo ro hydroch lo r ides de r ived from them are summarized i n Table I I I . 
6 4 
T a b l e 3 , P h y s i c a l a n d S p e c t r a l P r o p e r t i e s o f t h e P y r a z o l e D i ­
p h e n y l c a r b i n o l s a n d t h e i r C h l o r o H y d r o c h l o r i d e s . 
Compound mp C h a r a c t e r i s t i c i n f r a r e d a b s o r b a n c e s 
D i p h e n y l c a r b i n o l s : 
L V I 2 0 8 - 2 0 9 ° K B r 
L X I 1 5 0 - 1 5 1 ° K B r 
LXV 1 7 2 - 1 7 3 ° K B r 
- 3 4 9 0 ( 0 - H ) , 3 2 3 0 ( N - H ) cm 
- 3 5 5 8 ( 0 - H ) , 3 4 4 8 ( N - H ) cm 




C h l o r o h y d r o c h l o r i d e s : 
L V I I 1 7 0 - 1 7 1 ° K B r 
L X I I 1 3 4 - 1 3 6 ° K B r 
L X V I 2 5 0 - 2 5 2 ° K B r 
- 1 
cm 
3 0 6 0 , 2 4 0 0 a n d 1 8 5 0 ( N - H ) , 6 8 7 ( C - C l ) 
3 0 5 8 , a n d 2 4 0 0 ( N - H ) , 6 8 3 ( C - C l ) c m - 1 
3 2 5 0 a n d 2 5 0 0 ( N - H ) , 790^ ( C - C l ) c m " 1 
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LVI 11 L X I I I 
U n l i k e t h e t r i a f u l v e n e s , L V I I I and L X I I I were n o t o n l y s t a b l e i n s o l u ­
t i o n a t 5° b u t c o u l d be i s o l a t e d and c h a r a c t e r i z e d . The a z a f u l v e n e 
L V I I I was f u r t h e r c h a r a c t e r i z e d b y c o n v e r s i o n t o t h e c o r r e s p o n d i n g e t h e r 
L IX w i t h m e t h a n o l and t h e amine LX w i t h ammonia. 
P h o t o l y s i s o f L X I I I a t 5° f o r 6 h r s i n t e t r a h y d r o f u r a n ( 0 . 0 0 1 5 M) u s i n g 
a P y r e x p r o b e l e d t o t h e r e c o v e r y o f unchanged s t a r t i n g m a t e r i a l . When 
a q u a r t z p r o b e was s u b s t i t u t e d u n d e r t h e same c o n d i t i o n s , t h e c o l o r was 
d i s c h a r g e d i n 20 mins w i t h o u t n o t i c e a b l e gas e v o l u t i o n and t h e p r o d u c t 
i s o l a t e d was i d e n t i c a l t o t h a t f r o m t h e t h e r m a l d i m e r i z a t i o n o f t h e f u l ­
vene i n t e t r a h y d r o f u r a n a t 2 5 ° . The mass s p e c t r u m (70 eV) d i s p l a y e d 
m a j o r i o n s a t 768 ( C 5 6 H 4 Q N 4 + ) a n d 3 8 4 ^ C 2 8 H 2 0 N 2 + ^ ^ r o m w n i c n t n e P v r a _ 
z i n e s t r u c t u r e LXIV can be i n f e r r e d by a n a l o g y w i t h t h e t r i a f u l v e n e s . 
Ph Ph 





L X I V 
P h o t o l y s i s o f L V I I I u n d e r t h e p r e v i o u s l y d e s c r i b e d c o n d i t i o n s y i e l d e d 
o n l y u n c h a n g e d s t a r t i n g m a t e r i a l . 
D i e l s - A l d e r a d d i t i o n r e a c t i o n s o f L V I I I a n d L X I I I w i t h n - p h e n y l -
m a l e i m i d e , n o r b o r n a d i e n e , 4 - p h e n y l - l , 2 , 4 - t r i a z o l i n e - 3 , 5 - d i o n e , d i p h e n y l -
c y c l o p r o p e n e , 2 , 3 - d i m e t h y l b u t a d i e n e , d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e a n d 
1 - d i e t h y l a m i n O - l - p r o p y n e a f f o r d e d o n l y u n c h a n g e d o r h y d r o l y z e d s t a r t i n g 
m a t e r i a l s u p o n w o r k u p . 
T h i s r e s u l t may seem u n e x p e c t e d s i n c e t h e s o m e w h a t a n a l o g o u s 2 , 5 -
d i p h e n y l - 3 , 4 - d i a z a c y c l o p e n t a d i e n o n e u n d e r g o e s t h e D i e l s - A l d e r r e a c t i o n 
C37) 
a s a d i e n o p h i l e , i n m o d e r a t e y i e l d s , a d d i n g t o e l e c t r o n - r i c h d i e n e s . 
H o w e v e r , w h e n t h e r e s o n a n c e s t r u c t u r e s a r e c o m p a r e d , i t i s e v i d e n t t h a t 
L V I I I a n d L X I I I h a v e g r e a t e r c h a r g e s e p a r a t i o n t h a n L X X V I I . 
Ph 
L X X V I I L V I I I L X I I I 
P h o t o l y s i s o f L X V I I w i t h l o s s o f n i t r o g e n w o u l d l e a d t o t h e 
b e n z h y d r y l i d e n e a n a l o g o f t h e u n k n o w n p h e n a n t h r o c y c l o p r o p e n o n e s y s t e m 
L X X V I I I . 
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Ph 




L X V I I L X X X V I I I 
T h e p h o t o l y s i s o f L X V I I d i d n o t l e a d t o n o t i c e a b l e n i t r o g e n e v o l u t i o n 
b u t t h e f u l v e n e s o l u t i o n was d e c o l o r i z e d a f t e r 20 m i n o f i r r a d i a t i o n 
a n d t h e s t a r t i n g a l c o h o l was i s o l a t e d q u a n t i t a t i v e l y . T h i s p r o d u c t 
p r o b a b l y a r i s e s f r o m h y d r o l y s i s o f t h e i n t e r m e d i a t e f u l v e n e d i m e r d u r ­
i n g i s o l a t i o n . 
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CHAPTER I V 
CONCLUSIONS 
A s e r i e s o f p y r a z o l e a n d t r i a z o l e d i p h e n y l c a r b i n o l s a n d t h e i r 
c h l o r o h y d r o c h l o r i d e s h a s b e e n p r e p a r e d , T h e s e w e r e c o n v e r t e d b y d e -
h y d r o h a l o g e n a t i o n w i t h t r i e t h y l a m i n e t o d i - a n d t r i a z a f u l v e n e s w h i c h 
w e r e i d e n t i f i e d b y i s o l a t i o n o f t h e f u l v e n e i t s e l f , i t s d i m e r o r a d d i ­
t i o n p r o d u c t s w i t h m e t h a n o l a n d a m i n e s . 
I r r a d i a t i o n o f t h e t r i a z a f u l v e n e s X X V I I , X X X V I a n d X L I I g a v e r i s e 
t o a m i x t u r e o f p r o d u c t s w h i c h w e r e i s o l a t e d b y c o l u m n c h r o m a t o g r a p h y 
a n d i d e n t i f i e d b y p h y s i c a l a n d s p e c t r a l c o m p a r i s o n w i t h a u t h e n t i c s a m ­
p l e s . 
T h e i s o l a t i o n o f t r i p h e n y l a c r y l o n i t r i l e ( L X X X I ) f r o m t h e i r r a d ­
i a t i o n o f XXXVI i n d i c a t e s t h e p r e s e n c e o f a t r i p h e n y l a z a t r i a f u l v e n e 
( L X X V I ) i n t e r m e d i a t e . 
T h e r e i s a l s o e v i d e n c e f o r t h e f o r m a t i o n o f a n i n t e r m e d i a t e t r i -
p h e n y l a z e t e ( L X X V I I ) f r o m w h i c h b o t h 2 , 3 - d i p h e n y l q u i n o l i n e ( L X X ) a n d t h e 
p r o p o s e d 1 , 5 - d i a z o c i n e ( X X I X ) a r i s e d u r i n g p h o t o l y s i s o f e i t h e r XXXVI o r 
X X V I I I . 
T h e p h o t o r e a c t i o n o f X L I I p r o d u c e d t h e d i c h l o r o a n a l o g o f X X I X 
( X L I I I ) , f r o m w h i c h a c o m p l e t e X - r a y c r y s t a l l o g r a p h i c a n a l y s i s w i l l 
h o p e f u l l y c o n f i r m t h e a s s i g n e d s t r u c t u r e , 
T h e d i a z a f u l v e n e s L V I I I a n d L X I I I , a l t h o u g h s t a b l e e n o u g h t o i s o ­
l a t e , d i d n o t e v o l v e n i t r o g e n u p o n ' i r r a d i a t i o n a n d a t t e m p t e d D i e l s - A l d e r 
a d d i t i o n r e a c t i o n s w i t h t h e m as e i t h e r d i e n e s o r d i e n o p h i l e s p r o v e d t o 
b e f r u i t l e s s . 
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